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I.  SYNOPSIS 


This  memorandum  contains  basic  aircraft  data  for  the  FkH-1.  The  stability 
derivatives  of  the  FkH-1  ih  both  wind  axes  and  body  axes  are  presented  along  with 
the  airplane  characteristics  for  both  the  lateral  and  longitudinal  modes.  A 
brief  description  of  the  FkH-1  is  also  given. 

II.  DESCRIPTION  OF  Fkll-l 


The  FkH-1  is  a  two-seat,  high  performance,  all-weather  fighter  that  is 
powered  by  two  General  Electric  J79-GE-2  or  -3  turbo  jet  engines  with  after¬ 
burners,  It  is  capable  of  attaining  high  supersonic  speeds  and  high  altitudes. 
The  basic  armament  that  the  FkH-1  will  carry  are  four  Sparrow  III  missiles,  but 
it  is  also  capable  of  carrying  a  variety  of  external  stores.  The  FkH-1  has  thin, 
highly  swept  wings  of  low  aspect  ratio,  and  thin  swept  tail  surfaces. 

III.  BASIC  AIRCRAFT  DATA 


The  stability  derivatives  were  obtained  for  six  different  flight  conditions. 
They  wore  for  both  maximum  speed  and  cruise  speed  of  the  FkH-1  at  altitudes  of 
1,000  ft.,  30,000  ft.,  and  50,000  ft.  Figure  1  gives  the  speed  profile  lor  the 
FkH-1.  The  velocities  In  the  speed  profile  which  were  used  in  obtaining  the 
stability  derivatives  will  be  indicated  by  croBS  marks. 

The  stability  derivatives  in  wind  axes  are  presented  in  Table  I.  Also  in¬ 
cluded  in  this  table  are  the  airplane  characteristics  for  both  the  lateral  and 
longitudinal  stick-fixe  nodes.  Table  II  contains  the  stability  derivatives  in 
body  axes.  There  were  s.  reral  coefficients  for  which  either  the  data  available 
was  insufficient,  or  no  data  at  all  was  available.  These  coefficients  will  be 
indicated  in  the  tables. 

In  Appendix  I,  the  force  or  moment  equations  are  given  from  which  the  wind 
axes  stability  derivatives  were  derived.  With  each  equation  a  reference  is 
given  to  show  where  each  coefficient  was  obtained.  Also  included  in  this 
Appendix  are  the  equations  of  motion  in  wind  and  body  axes  form. 

The  pertinent  angles  of  the  FkH-1  are  shown  in  Figure  2. 

In  appendix  2,  the  performance  functions  of  the  lateral  and  longitudinal 
variables  as  influenced  by  <fe ,  ,  and  are  given.  The  method  of  obtaining 

these  performance  functions  is  also  given. 
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MODEL  F4H-1 
V  vb.  Altitude 

unX 

0.  w.  .  35,000  lbs. 


VERY  PRELIMINARY 


Clean  +  (4)  Sparrow  Til* a 


X  -  Indicates  points  at  which 
Stability  Derivatives  were 
evaluated . 


Figure  I 
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where  «<p  is  angle  of  attack  about  combat 
prinlcple  axis  line 


FllH-l  IATERA1  STAB  HITT  DERIVATIVES 
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(3)  All  velocities  are  measured  in  ft/sec 
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APPENDIX  I 


This  appendix  includes  the  force  and  moment  equation  from  which  the  wind 
axes  stability  derivatives  were  obtained.  These  are  given  in  Table  III.  Also  given 
in  the  table  is  a  reference  as  to  where  each  coefficient  required  by  these  force  and 
moment  equations  was  obtained. 


The  equations  of  motion  in  terms  of  wind  axes  and  in  terms  of  body  axes  are 
also  included. 


TABLE  III 

CALCULATION  OF  STABILITY  DERIVATIVES  (WIND  AXES) 

LATERAL 


Coefficient 

Force  and  Moment  Equation 

Units 

Reference  for 

FJdI-1  Coefficient 

.  C4  . 

lb. ft ./rad 

Ref.  1,  pages  10.10,11,12 

<*. 

lb. ft ./rad 

Ref.  1,  pages  10.16,  17 

LSr  =0,.  syi 

lb. ft ./rad 

Ref.  1,  pages  15.19,  20 

C". 

A/p  =  Cn0  S 

lb.ft./rad 

Ref.  1,  pages  11.7,  8,  9 

C"4. 

Nsa.-Cn/^  SCjb 

lb.ft./rad 

- 

C"<rr 

lb.ft./rad 

Ref.  1,  page  11.15 

Y,  =  C*  s«j 

lb, /rad 

Ref.  1,  page  11,13 

lb ./rad 

- 

C**r 

Yf*  -  Qw. 

lb./rad 

Ref.  1,  page  15.21 

Lp  =  0,  Syb'/zs/ 

lb  ►ft. sec. /rad. 

Ref.  2,  page  17.11 

c->. 

L 

lb. ft. sec ./rad. 

Ref.  1,  pages  15.13,3Jl,15 

s 

Nr'C,,  S^/iV 

lb. ft. sec ./rad. 

Ref.  1,  pages  15.2U,25 

c.. 

Nr  *  C,.  S<?4*/2V 

lb .ft. sec  ,/rad. 

Ref.  1,  page  15.22 

Y,  =  C„  S?4/*V 

lb. sec ./rad. 

Ref,  1,  page  15.26,  27 

<* 

Yr  •  C,,  s^/>v 

lb. sec ./rad. 

Ref.  1,  page  15  ..23 

-10- 


CONFIDENTIAL 


CONFIDENTIAL 


TABU  III  (Qq a».> 

LONGITUDINAL 


Coefficient 

Force  and  Moment  Equation 

Unit 

Reference  for 

FiiH-1  Coefficient 

M 

lb.ft./rad 

Ref.  1.  Dase  9.17 
'  *  ~  ' 

<<V 

Mua  S<?<- 

lb.ft./rad. 

Ref.  1,  page  15.4 

C»* 

Mje=  C»v4  s<?c 

lb.ft./rad 

Ref.  1,  page  9.24 

/V  Cn.  S<?Z‘/2V 

Ib.ft.sec./rad 

Ref.  1,  page  35.2 

lb. ft. sec ./rad 

Ref.  1,  page  15.8 

J-e<  =  C-Lu  S& 

lb./rad. 

Ref.  1,  page  8.33 

Lr*  =  s£ 

lb. /Tad. 

Ref.  1,  page  9.23 

Cl. 

Lu  -  C-Lu.  s9 

lb./rad. 

Ref.  1,  page  35.6 

_V. 

i*  9  =  y  S^C/ZV 

lb.sec ./rad 

Ref.  1,  page  15.10 

C£V 

D.  =■  Sf 

lb./rad 

Ref.  1,  page  15.7 

c% 

D*  *  C°s.  S? 

lb./rad 

am 

D*.  -  coUt 

lb./rad 

Ref.  1,  page  35.3 

For  the  FjjH-1,  the  remaining  unknowns  in  the  force  and  moment  equations  of 
Table  III  had  the  following  valuer 

S  "  530  sq«  ft.  .  b  -  38.it  ft.  o  ■  16.05  ft. 


It  should  be  pointed  out  that  the  stability  derivatives  obtained  from  the 
farce  and  moment  equations  in  Table  III  will  not  £ave  the  same  value  as  the  values 
given  in  Table  I.  To  obtain  the  values  in  Table  I,  it  iB  necessary  to  divide  the 
above  force  or  moment  equations  by  its  respective  moment  of  inertia  or  by  mV. 

For  the  lateral  equation  of  motion,  this  could  be  illustrated  as  follows r 

Let 
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Jt  5  y 

mV  ft 


Lx* 


J"  —  %  n  and  so  or » 

*  .? 

Similarly  for  the  longitudinal  equations,  let 

17s  "•< 

■4:  : 


>*y 

^7  =  «t  ,  «•»<* 


to  on  . 


In  the  oase  of  wind  axes  the  equations  of  motion  will  be  written  first  with 
the  stability  derivatives  in  the  form  given  in  Table  III  and  secondly  with  the  sta¬ 
bility  derivatives  in  the  form  of  Table  I,  where  the  substitutions  using  the  above 
equations  have  been  made. 

Given  below  are  the  equations  of  motion  in  terms  of  wind  axis. 


UTSUIL 

Sallr  s  0 

or  O'  -Jft)  t  +(--,.  -4*.  -J-r.fr  -  O 

f“'  (-Sg.s'-lfcM-  gif,  -O 

4  (sh-yi$  f  -  rip?  -  >v, 4.  -  -O 

r  / 


Side  Poroet 


Ot- 


<-J,s  -  9&)  0 


*  ( S  “  £  -t.  O 

r  ^  ^  C  ° 
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wmBromHU. 


Pitohi 

(V- 

Xj 

*CS‘-  ^s)v-^<* 

or 

.  /  l  A  u 

*1$'  -  ry*j  •  -  *v  K 

-  *v*  A  *  6 

Liftr 

fe)* 

*  0-  &)sY  -  &«■ 

-0 

or 

C -Jfs  - 

s«u 

4  ( i  -^)sY 

-•4*  A  *° 

Drc*r 

« 

+(£)y  + 

f*  * 

t  0 

ot- 

<* 

♦  ^  V  +■ 

('s+iju.  + 

*  0 

TIM  «ix  equation!  of  notion  In  body  uda  tara>  ara  lietod  bolcwi 

1)  U,<-W^-VT  *  X,  *x»(U.-Ut')*xw(W-W,)  +x,r#<r«  *£> 

2 ) v4u*-wp  *j*v  +jrp+yfr 


3)  ^  *  e#  +*^d*e  *$co*#co*^ 

M  j,  r  *  *4,f  +4r/r 

6)  ;  +(2^Jpj  --  »vv  +nfp  *nrc  *nt4  ♦  iv/> 
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Afparoix  n 


This  appendix  includes  the  performance  functions  of  the  lateral  and 
longitudinal  variables  influenced  by  S  8  and  8  f,  Theae  quantities  define 
the  dynamic  relationship  of  the  aircraft  variables,  i«e. 


Longitudinal r 

i 

Lateralt 


a  - 

l  Cm«A  * 

u  * 

-  4 

p 

* 

<L 

r  ■ 

■  *>■ 

+■  l 

4 

4> 

4 

Before  listing  the  values  of  the  performance  functions  for  the  IltfWL, 
the  method  of  obtaining  [* p/]  will  be  explained* 


For  the  longitudinal  case,  we  refer  baok  to  the  longitudinal  wind  axea 
equation  of  notion  given  in  Appendix  X*  \h  oould  write  theee  three  equatione  aa 


•< 

Y 

U. 

4 

®‘*7S 

-Wr  e  o 

-•4  s  --4, 

('-•4)s 

-4 

4  = 0 

4  8  ° 

For  a  cT#  input  to  the  eyetca,  we  oan  rewrite  above  ha 

oC 

Y 

U. 

•;-v 

-m*. 

S- 

fn 

1 

X 

*  4 

4 

% 

8  -4  k 

E  ng  Cramer’s  rule,  we  can  solve  above  for  an  oC  response  to  a.  S' 
input.  We  would  have  * 
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s1-  m.  s 

-  W* 

A 

d-t[)  S 

_4 k 

V 

8  -(w 

-A  l -A 

V“ 


sT-  >?ys 

0-/)s 

W 


-*>R 


The  denominator  of  the  above  is  known  as  the  stick  fixed  characteristic 
equation  and  sill  be  abbreviated  as  A* 


We  can  rewrite  above  equation  as 


*V4 

\  Ks 

** 

"A*. 

■  pee  — 

_  _  ^j£r. 

£  ’ 

A 

4 

*■"  Hy.  -  t 

’  ¥ 

Similarly,  [nrj 

end  Or }u  W  b® 

solved  for. 

The  lateral  performance  functions  may  be  derived  in  a  similar  manner, 

i.e. 


P 


or 


S^s 

"  "SfcX  S  ”  & 

-  *S-  ?£, 

”'S»S 

s4-^s 

O'  >)$ 

^ ^<Tk  ^ 

’VjA  tn<T,A 

s* 

-^sl-  i,s 

•*XMS  ~  M^5 

s*- 

->s- 

S”> 

•  »1$- 
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P°LpFW-  ^ 

The  remaining  lateral  performance  functions  may  be  obtained  in  the  same 

manner. 


The  performance  functions  for  the  FUH-1  for  the  six  flight  conditions 
considered  mill  now  be  listedr 


Case  If  Vp  ■  1188.77  ffea  at  1,000  ft. 

A  -  (8  ♦  0.1292)  (8-0.0282)  (S2  +■  7.8108  ♦  135.7) 

Mw  ^  -  -Oj*178  (8-0,0116)  (8  +255 .2)  (S  ♦  0.111*4) 

NYt4  -  ♦0.1*178  (8  ♦  0.1039)  (S  ♦  25.28)  (S-24.97) 

NU)f%  -  +0.01176  (a  ♦  1*99.0)  (8  +  1.217) 

Lateral 

A  -  ♦0.9961*8  (8  ♦  3.429)  (S  -  0.0019)  (82  ♦  0.9?77S  +  20.12) 

-  +2.282 8  (3  ♦  2.015)  (8-0.2762) 

-  +0.0105  8  (8  ♦  0.00025)  (8  ♦  21*9.96)  (S  +3.1*61*) 

*-2.329  (a  +  4.078)  (S2  -  0.891*98  ♦  5JL78) 

N¥  fr  -  -2.6138  (8  -  0.1623)  (s  ♦  3.401)  (S  ♦  0.5334) 
ty/a.  "  -89.4613  (32  ♦  0.9U78S  ♦  20j*7) 

Nf,fr  "  *3.61458  (S2  ♦  0.3989  S  ♦  7.870) 

Case  Uf  7p  •  1896,63  fpa  at  30,000  ft. 
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/\  «  (S2  +  0.0l*023  ♦  0.00088)  (S2  ♦  2.U27S  ♦  110.7) 
/Vw  ■  -0.1385  (3  *  0.00 Sit)  (3  *  u39.5)  (3  *  0.0299; 
Ntf  -  +0.13B5  (3  ♦  0.0376)  (3  +  19.01)  (3  -18.96) 

Nu  j  -  +0.0031*  (S  ♦  71*6  J*)  (8  ♦  0.3377) 

u/'e 


Lateral 


/\  -  +0. 9983S  (3  ♦  1.776)  (3-0.0151*)  (S2  ♦  0.67613  ♦  19.03) 


-  ♦O.U913S  (S  +  2.511)  (3-0.171*0) 

r  •  ♦O.OOU77S  (S  ♦  0.0011*)  (3  +  1*79-1*)  (S  *1.721) 
/\Lr  -  -0*1*933  (S3  ♦  3.5U77S2  +  0.89206  ♦  17.287) 

/y/  -  -2.2880  (S  -  0.6379)  (S2  ♦  2.551*S  ♦  I.9886) 

o 

-  -27.915S  (S*  0.70883  +  18.11) 

AL,  -  *2.9658  (S2  ♦  0.1*1*1*0  3  ♦  57.72) 

Oaaa  HI,  Vy  -  19U0  fpa  at  50,000  ft. 


Z\  -  (S2  ♦  0.02003  +  0.00068)  (S2  +0.9U66S  ♦  l*3.8l) 

A/  .  -  -0.05365  (S2  ♦  0.01713  +  0.0003)  (3  ♦  1*56.7) 

®Vfle 

Nvr  -  +0.05365  (3  ♦  0.011*7)  (S  +  12.11*)  (S  -  12.11) 

v*t 

A/  -  -  +0.00136  (s  +  755.1)  (s  ♦  0*1273) 

ujai 

Lateral 

A  ■  *0.99973  (S  +  1.000)  (S  -  0.0091)  (82  +  0.3Ql*3S  *9.51*5) 


N^k  -  -0.08U3S  (S2  -  1.136S  +  0.1*717) 

-  +0.00387S  (S-0.00063)  (S  ♦  1*90.6)  (S  ♦  0.955U) 
AL  r  -  *0.0838  (S2  +  1.180S  +  U.819)  (S  -  1*  .1*1*9) 

V0*0 

ALr  -  -1.898  (S  -  0.1*71*8)  (S2  +  1.5015  s  ♦  0.791*1*) 
N*r  -  -11.27l*S  (S2  +  0.3217S  +  9.625) 

/V..  -+2.0l*2  S  (S2  ♦  0.0988  S  t  21.31*) 
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Cm*  I?*  Fy  -  555.$  f*><,  at  1,000  ft, 

longitudinal 

*  (82  ♦  0.0OL8fl  ♦  0.00k9)  (S2  +  2,0768  *  0JJ1O) 

-  -O *1429  (32  ♦  0.001*18  ♦  0.0070)  (S  ♦  130.?) 

^W*2*  (8  "  0.0031)  (S  ♦  11.69)  (841,62) 

^4  -  0.000038  (3  ♦  30,066)  (S  ♦  0.9756) 

Lateral 

•  ♦0.9989a  (8  ♦2.380)  (3-0.0016)  (s2  ♦  0.3k5kS  ♦  7456) 

"  -°*2538S  (S  ♦  5.972)  (8  ♦  0.153k) 

^4  "  *0.033928  (S  -  0.0110)  (S  ♦  123.9)  (8  ♦  2.31*9) 

*0,2^  (®"8J*08)  (S2  ♦  1*^198  ♦  11.50) 

Nf/r  -  -4**2098  (83  ♦  2.1*336  S2  ♦  0.29558  ♦  0.6670) 

^#4  "  -C-7.963S  (S2  ♦  0J*079B  ♦  6.797) 

N*A  m  *2'301  8  (fl2  “  0.86038  -  21.15) 

Oaa*  Vf  7r  •  893.7  f*»  at  30,000  ft. 

Longitudinal 

A  "  (8  -  0.0755)  (8  ♦  0.0650)  (S2  ♦  2.1668  ♦  12.35) 

AC,4  ■  -0.1108  (82  ♦  0.0031*8  ♦  0.0038)  (8  ♦  196.9) 

V.  "  +0*1108  (8-0.0032)  (8  ♦  12.1k)  (8-11418) 

■  *0*00116  (8  ♦  872.8)  (8  ♦  0.568k) 

&&& 

AA  ■  ♦0.99986  8  (8  ♦  1.651)  (8  ♦  0.0008)  (S2  ♦  04.9528  ♦  6.879) 

W*/**  -0*11298  (8  ♦  11.18)  (8  ♦  04)982) 

N^t¥  m  ♦0.0173  8  (8  -  0.0058)  (8  ♦  20.72)  (8  ♦  I.597) 

Ng/*  "t04131  (8  -  2.536)  (82  ♦  6.972  8  ♦  18.2k) 

Nf/y.  *  *3.59aKsX  1.66kk  s2  ♦  04527  s  ♦  0,323k) 

•»a.868  8  (S2  ♦  0.2880  8  ♦  6,658) 
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♦■2*1*557  8  (S  -  4.465)  (S  ♦  4.098) 

Qua  Vlf;  V?  -  873  fps  at  50,000  ft. 

Longitudinal 

/A \  -  (8  -0.0662)  (S  ♦  0.0485)  (S2  ♦  0.90873  ♦  4.653) 

jV  r  -  -0.04396  (S2  +  0.0120  3  ♦  0.0037)  (S  ♦  192.4) 

Nyt*  +0.04396  (s  -  0.0045)  (s  +  7.545)  (s-7.405) 

N^r  '  +0.00047  (3  +  849.6)  (S  +  0.2248) 

**/*£ 

Lateral 

A  -  +0.97628  (S  ♦  0.7180)  (S  ♦  0.0002)  (S2  ♦  0.08553  ♦  4.008) 
-0.55973  (S  +  0.8966)  (3  ♦  0.0403) 

9  +0.00778  (8  -  0.0119)  (S  ♦  208.2)  (8  +  0.6856) 

Ntf+  "  +0.5600  (s2  +  1.505  s  ♦  1.609)  (s  -  l.o55) 

A/,,,  r  —1,606  (S3  +  0.6921  S2  ♦  0.02373  +  0.3914) 

N+  -  -8.2261  S  (82  ♦  0.1206S  +  3.139) 

N4  "  +0.7055S  (8  -  5.221)  (3  ♦  4.634) 
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I.  Synopsis 

This  report  presents  some  of  the  basic  performance  data 
whloh  are  currently  available  on  the  F4H-1  airoraft.  These  data 
are  presented  In  the  form  of  graphs.  A  brief  description  of  the 
Flf.H-1  is  also  given. 

II.  Description  of  F4H-1 

The  Fij.H-1  is  a  two  seat*  high  performance  all-weather 
fighter  designed  for  intermediate  and  long  range «  high  altitude 
interceptions.  As  its  principal  armament,  it  will  carry  four 
Sparrow  III  missiles,  but  it  is  also  oapable  of  oarrying  a  variety 
of  external  stores. 

It  is  powered  by  two  General  Eleotrio  J79-GE-2  or  -3 
turbojet  engines  with  afterburners.  It  has  thin  highly  swept 
wings  of  low  aspect  ratio  and  thin  swept  tall  surfaoes. 

III.  Baalo  Performance  Data 

The  airoraft  performance  data  shown  in  the  following 
figures  are  for  the  bade  FJ+H-1  airplane  oarrying  four  Sparrow  III 
missiles  semi-submerged  on  the  underside  of  the  fuselage.  For 
comparative  purposes,  the  performance  data  in  some  oases  are  also 
given  for  the  dean  airoraft  configuration  which  is  1,500  pounds 
lighter  than  the  airplane  with  four  Sparrows.  All  performance 
data  at  altitude  are  at  oombat  gross  weight  (60  percent  of  take¬ 
off  fuel). 


The  performance  data  presented  in  most  of  these  figures 
have  been  given  for  several  different  engine  specifications.  In 
all  oases  where  the  enaine  had  any  effect  on  the  presented  data, 
the  figures  have  been  labled  to  indioate  whioh  engine  specification 
was  used.  In  general,  all  data  to  be  used  for  further  computation 
are  good  for  the  improved  J79-GE-2  engine  with  specification 

A or  400. 


Figure  1  presents  the  maximum  speed  envelope  of  the 
F4H-1  for  different  altitudes.  For  the  J-79-A-2  engine  the 
maximum  spesda  attainable  by  the  F4H-1  are  limited  by  engine  tem¬ 
perature  restrictions  at  altitudes  from  approximately  23*000  feet 
to  56,000  feet.  Also  shown  are  the  maximum  speeds  attainable  by 
the  J79-X-209A  engine.  At  present,  this  is  an  experimental  engine, 
but  It  may  be  of  future  interest. 

Figure  2  oontains  the  drag  summary  for  this  airoraft, 
where  the  lift  coefficient  (Cj,)  is  plotted  versus  the  ooeffloient 
of  drag  (Op)  for  various  Mgoh  numbers.  Figure  3  presents  a  curve 
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of  the  predicted  maximum  useable  lift  coefficient  for  various 
fighter  Maoh  numbers. 


The  Mach  Number* Load  Faotor  Envelope^  whioh  is  given  in 


figure  4,  outlines  the  maneuverability  or  the  r'4“-l  with  maximum 
power  at  an  altitude  of  35*000  feet  as  limited  by  buffet  and  con¬ 
trol  power.  Also  included  are  the  available  load  faotors  for  con¬ 
stant  speed  turns  and  for  -0.5  and  -1.0  g  deceleration  turns  at 
constant  altitude  are  shown. 


In  figures  5  through  7,  the  amount  of  thrust  that  is 
required  for  the  aircraft  to  sustain  different  steady  state  load 
faotors  for  various  fighter  speeds  is  shown.  Also  given  in  these 
figures  is  the  net  thrust  which  is  available  from  maximum,  military 
and  normal  power  settings.  The  data  shown  in  each  figure  has 
been  obtained  for  the  aircraft  flying  at  a  constant  altitude. 

Climb  data  for  the  FI4.H-I  at  different  altitudes  are 
presented  In  figures  8a  and  8b.  In  figure  8a,  the  graphs  give 
the  rate  of  olimb  and  also  the  time  to  climb  to  different  altitudes. 
Figure  8b  indicates  the  beat  subsonic  and  aupersonlo  Maoh  Numbers 
for  the  FI4.H-I  to  climb. 

In  figures  9  through  11,  the  net  thrust  that  la  avail¬ 
able  la  given  for  different  altitudes  over  a  range  of  various 
Maoh  numbers.  These  net  thrust  figures  are  for  maximum  reheat 
power,  military  power,  and  normal  power  respectively.  Also 
indicated  In  these  figures  are  the  aircraft  Maoh  numbers  at  whioh 
the  operation  of  the  engine  beoomes  either  pressure  limited  or 
temperature  limited.  The  thrust  curves  presented  in  these  figures 
are  given  in  terms  of  only  one  engine.  It  should  be  pointed  out 
that  the  thrust  values  on  the  military  power  curve  for  speeds 
above  M  *  1*4  have  been  superseded,  but  the  new  data  for  the  speeds 
above  M  1.4  were  not  available. 

For  figure  12,  it  is  assumed  that  the  F4H-1  is  on  deck 
alert  and  is  launohed  when  a  detected  enemy  bomber,  ooming  in  at 
M  ■  1.0  at  50,000  feet,  is  a  given  dlst&noe  from  the  ship.  The 
interceptor  olimbs  to  50,000  feet  and  dashes  out  at  maximum  power 
to  the  point  of  intercept.  The  graph  gives  the  dlstanoe  to  the 
point  of  lnteroept  and  the  oombat  time  which  is  available  at 
maximum  power  for  oombat  at  that  point. 
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ALTITUDE  1,000  ft 
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Vmft3r  v®  Altitude 
O.W. 35*000  lbs. 


VERY  PRELIMINARY 


CLEAN  4  (4)  SPARROm  III»s 


MACH  NUMBER 


Figure  I 
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Model  FliH-1  Airplane  Drag  Summary 
(U)  Sparrow  III  Mlssllea 
Trimmed 
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Model  P4H-1  Maoh  Number  -  Load  Paotor  Envelopes  at 
Combat  Weight  at  Altitude*  35*000  ft.  with  Maximum 
Power. 

(2)  J79-OE-2  Engines 

Engine  Speo.-AOT  78 j  H2/H0»  PL  41855-1 


Grose  Wt. 

NOTEi  Struoture  Designed  for  _ _  4  Sparrow  1IJ 

6.5  g  at  34*500  lbs.  Gross  ;  Missiles  34*473 

Weight  - Clean  32,973 


Figure  4 
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^maxlnjua 


Tmllltara 


Engine  Spec .-ACT  40C 
H2/H n  per  m 1655-1, 
MBM  11757-1  end 
APS  k9b 


n.“Uj 


^normal 


n»2 


In  -1 


Figure  5 

Required  and  Available 
Thrust  versus  Mach  Numbei 
for  Different  Load 
Vectors. 

■  Altitude  -  1,000  ft. 
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MACH  NUMBER 
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MACH  NUMBER 
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Model  FUH-l  Climb  Data  versus  Altitude  at  Maximum  Power 

I4.  Sparrow  III  Missiles  Combat  Gross  Weight  *-34*473  lbs. 

(2)  J79-‘GE-2  Engines 

Current  Perf  s  Drag  *  D.S.  110656;  Engine  Spec  a  ACT  400;  He/Hrt 
”  PL  41855-1  thru  M  1.4,  DG3  121656-1  beyond  Ml. 4 
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TIME  —'MINUTES 
Figure  8(a) 


ALTITUDE  ~  1000  ft 
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Modal  FUH-1  Cl  mb  Data  versus  Altitude  at  Maximum 

Power 

4  Sparrow  III  Combat  Grose  Welght- 

Mioailea  34>473  lbs. 

(2)  J79-OE-2  Engines  , 

_  Current  Perfi  Drag  15  D.S.  110656;  Engine  Spec  * 

-  AGT  UOOi  Ho/HnJ  PL  4l8?5-l  thru 

.  K  1.4,  DOB"l2l8S6-l  beyond  M  1.4. 

- -MAC  Rpt.  4U65«  Drag  =  D.S.  62355;  Engine  Spec 

AGT  78;  H2/H0*  PL  41855-1- 


Figure  3(b) 
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(1)  GENERAL  ELECTRIC  J-79  ENGINE 
NACA  STANDARD  DAY 


Ref  J  G.E.  Rpt.  R  5 
AGT  I4.OO 
Dated  9-2-55. 

H2/H0  per  PL  41855 
MBM  11757-1  and 
APS  496.  , 

%/*P°  *05  -A 
Airplane 


PreaDure^Limite4  As 

X-Engine  Ops  rat  39^1 


'Engine  Operational 
Tem perature # Limit | 
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MACH  HUMBER 
Figure  10 
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Normal  Power 
Not  Thruat 

(1)  General  Electric  J~79  Engine 
NACA  Standard  Day 
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Model  Lift  Curve  Slope 

Variation  with  Mach  Number 

Model  FljJR-1  Airplane  Drag  Summary 


Page 
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T.  Svnonele 
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This  addendum  contains  two  graphs  that  presents  further 
basic  performance  data  on  the  Fl^H-i  aircraft. 


II.  Basle  Performance  Data 

Figure  1  shows  the  Model  Fijil-l  lift  curve  slope  variation, 
versus  Mach  Number  which  was  omitted  in  the  original  report. 

Figure  2  is  an  extension  of  the  figure  2  contained  In 
the  body  of  NMSTR  #2.  This  figure  presents  the  drag  sumrriary  for 
this  airoraftj  where  the  lift  coefficient  (Cl)  is  plotted  versus 
the  ooeffioient  of  drag  (Cd)  for  various  Mach  Numbers  of  trimmed 
flight.  It  was  found  necessary  to  have  data  for  Cl  above  the  value 
of  Cl  “  0.7  to  permit  analysis  at  maximum  values  of  CL.  Thus,  the 
data, presented  in  this  figure  presents  the  original  dffta  plus 
extrapolated  data  out  to  Cl  ■  1*0. 
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SYNOPSIS 


Ths  lift  ooeffioient  (Or)  va .  drag  ooeffioient 
(On)  eurvea  (Figure  2)»  oontained  in  Navy  Misalle  Study 
Teohnioal  Report  #2  were  extrapolated  ao  that  they  oould 
be  read  to  the  maximum  usable  lift  ooeffioient  (Figure  3)<fc 
The  only  ourvea  in  question  were  those  between  and 
including  Maoh  l.C  to  1.6. 


»  Figure  number  refers  to  Navy  MleBlle^tudy^eoHnique 
Report  #2.  FkH-1  Baslo  Performance  Data  ft.  fa. 
Tuoker. 
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I.  Introduction 

-  u-i  1  gb8srvj-ns  2  and  3  in  tha  Navy  Missile  Study 

Teohnieal  Report  #2,  it  was  noticed  that  the  ourvee  from  Maen 

I. 0  through  Maoh  1.6  of  Figure  2  could  not  be  read  to  the  maximum 
usable  lift  coefficient.  This  paper  describee  a  method  by  which 

Or  ys.  Cp  ourves  were  extrapolated  to  make  this  information 
available* 

II.  Dlsoussion  of  liquation 


lerod 


Refering  to  Model  F4H-1  Two-Place  All-Weather  Ficihter. 
wunio  Statue  ReporTTOfTreT  FerrUIc  Real's ionf ’■5/471617' 
Lanagraf ,  Page  4*1* 


°Dtotal  "  cDoBff  +  CD0  *  K3L2  +  °Df  (ql)  +  Cp**^ 

Although  ODj|rim  *  **a^har  I*rge  value,  It  wae  ignored  because 
the  values  from  these  ourves  are  in  doubt.  Cp0  was  dropped 
beoause  it  is  email  and  oonstant  for  any  maoh  number.  Looking 
at  tha  figure  on  page  4*7  of  the  above  report, 

®D«Bff  “  intersection  of  the  extension  of  the  linear  portion 
of  the  Cjj  ve.  Cl  ourve  with  the  sero  lift  axis. 

L  -  Induoed  drag  faotor, 

®Df(CL)  “  non-parabolic  drag 

Ct)0Bff>  L  and  Cpf(Cp)  Were  determined 
from  the  graphs  on  pages  4*I2a,  4.14  and  4*15  respectively  of  the 
above  report.  The  revised  equation  1b  as  follows i 

°D  -  °D„B.rf  +  “X.2  +  °Vt  (01)  . 


III.  Method  of  Extrapolation 

Values  of  Cp  were  calculated  from  the  reviood  aquation 
for  various  values  of  Cp  at  the  maoh  numbers  i.n  question.  (See 
table  below.)  Using  these  values,  ft  set  Of  Cr,  Vb  .  Cp  curves  were 
plotted.  Beoause  of  the  revision  of  the  equation,  thi'j  set  of 
curves  was  displaced,  along  the  drag  axis,  from  the  eat  of  curves 
to  he  extrapolated.  However,  the  form*  of  the  two  eats  of  ourves 
are  similar. 

The  maoh  1.4  ourve  of  Figure  1  will  serve  as  an  example 
of  the  extrapolation  prooedura.  Curve  OA  was  plotted  using  the 
oalculated  points  from  the  above  table.  Along  side  of  it,  OB,  the 
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M 

l.C 

M 

1.1 

M 

1.2 

M 

1.3 

M 

1*4 

M 

1.5 

M 

1.6 

0.1 

0.025 

0.035 

0.036 

— 

- ' 

0.2 

0.031 

0.042 

0.044 

0  „  045 

0.046 

— 

0.3 

0.042 

0.055 

0.057 

0.059 

0.059 

0.063 

0.065 

0.4 

0.057 

Q.072 

0.075 

0.078 

0.082 

0.084 

0.090 

0.5 

0.076 

0.094 

0.099 

0.100 

0.110 

0.114 

0.120 

0.6 

0.100 

0.120 

0.130 

0.130 

0.140 

0.150 

0.160 

0.7 

0,140 

0.150 

0 

• 

u 

0 

0.170 

0.180 

0.190 

0.200 

0.8 

0.190 

0.200 

0.200 

0.210 

0.220 

0.240 

0.260 

0.9 

..  0.270 

0.260 

0.240 

0.260 

0.270 

0.290 

0.320 

1.0 

,0.360 

0.320 

0.290 

0.310 

0.330 

0.320 

0.380 

ourve  to  be  extrapolated,  was  roplotted  h>om  Figure  2  of  the  Navy 
Missile  Study  Teonnioel  Report  #2.  Taking  into  aooount  the 
relationship  of  the  slopes  of  ourves  OA  and  OB,  end  making  a  "by 
eye"  approximation,  OB  was  extended  to  B> ,  Thus  an  extrapolation 
effectively  using  the  0pIrim  estimation  of  the  original  ourvu  wna 
made  » 

IV •  Results 

The  extrapolated  ourves  are  shown  in  Figure  ?,  For  mach 
1,0  through  1,2,  the  ourves  wsre  extended  from  a  Cl  of  0*7  to  a 
Ol  of  1,0.  For  maoh  values  from  1.3  through  1,6  the  aurvoti  wore 
extended  from  a  Ol  of  0.6  to  a  Cl  of  1.0. 

Just  bolow  maoh  1.2  for  the  higher  valueo  of  Cg»  CDf(ct' 
becomes  very  large.  This  effect  manifesto  itself  in  the  oonverj-nnoo 
of  the  maoh  1.0  and  1.1  ourves  with  the  other  ourves  in  the  group. 
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ABSTRACT 


This  report  presents  the  equations  V.iioh  describe 
the  Sparrow  III  missile  trajectory  from  missile  lock-on  until 
impact .  The  equations  have  been  presented  for  coplanar  attacks 
in  both  the  horizontal  and  vertical  planes  and  assume  a  umC- 
tnneuvering  target. 

Dus  to  the  scarcity  of  information  it  ess  impossible 
to  extend  the  trajectory  to  cover  the  period  from  launch  until 
look-on.  However,  whan  the  required  information  Is  msde  avail¬ 
able  the  necessary  modifications  will  be  published  In  a  subse¬ 
quent  report. 
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SYMBOLS 


a  m  Speed  of  sound 
g  m  Acceleration  of  gravity 
h  ■  Altitude  of  Missile 

Na  »  Actual  normal  acceleration  of  missile  (g's) 

Nc  m  Commanded  normal  ac-"  "leration  to  missile  (g's) 
p  -  Atmospheric  pressure 

p0  -  Atmospheric  pressure  at  sea  level  (2116.2  lb /ft2) 
q  m  Dynamic  pressure  of  air 
t  -  Time 

tj,  «  Duration  of  missile  boost 

Cq  «  Drag  coefficient  of  missile 
Orjjj  »  Zero  lift  dra^  coefficient  of  missile  during  bcqst  phase 
Cjxj  -  Zero  lift  drag  coefficient  of  missile  during  glide  phase 
■  Lift  coefficient  of  mlaslle 
D  ■  Drag  force  on  mis A lie 
L  ■  Lift  force  on  mlsBlle 
M  ■  Mach  number  of  missile 
P  -  4/dt 

8  m  Wing  area  of  two  panels 
T  »  Missile  Thrust 
V  m  Velocity  of  missile 

Vt  ■  Velocity  of  target 

V0  -  Component  of  the  closing  velocity  falling  along  the  conical  scan  axis 
AVX  •  Component  of  the  closing  velocity  falling  along  the  X. axis 
-AVg  ■  Component  of  the  closing  velocity  falling  along  the  Z  axis 
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— » 


w 

w0 

Wl 

X 


Xt 


Zt- 

r  . 

■ 

£  ■ 

£  - 

A  - 

A«  “ 

r  - 
Po  ■ 
<r  - 

HOTBS!  (1) 

(2) 

(3) 


Missile  weight 

Missile  weight  after  boost  (glide  phase) 

Missile  weight  at  launch 
X  coordinate  of  missile 
X  coordinate  of  target 
2,  coordinate  of  missile 
Z  coordinate  of  target 
Flight  path  angle  of  missile 
Flight  path  a-igle  of  target 
Surface  deflection  of  missile 

Angle  between  the  conical  scan  axis  and  line  of  sight  from  the  mlvetife 
to  the  target 

Angle  between  a  horizontal  plane  and  the  line  of  sight  from  the  missile 
to  the  target 

Angle  between  a  horizontal  piano  and  the  conical  scan  axis 
Density  of  air 

Density  of  sir  at  sea  level  ( .00:3378  slugs/ft^) 

/>/ 

Density  ratio  (  '  P0) 


English  units  (ft.  -  lb.  -  sec.)  will  be  used  throughout  with  all  angles 
given  in  degrees. 


Kj,  K<5.,  and  Tj  are  autopilot  parameters  and  are  listed  in  Table 


A  CD 

described 


c! 


is  the  component  of  tho  drag  coefficient  due  to  lift  and  is 
In  figure  3  . 
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1 .  INTRODUCTION 


The  purpose  of  this  report  Is  to  preaent  the  longitudinal  and  lateral 
equations  for  the  Sparrow  III  air-to-air  missile  in  a  coplanar  attack  on  a  non- 
mancuv-ring  target.  The  equations  describe  the  space  trajectory  of  the  missile  from 
the  tlmo  of  iock-eh  to  the  time  of  impact  with  the  target. 

These  equations  are  intended  to  provide  a  general  aet  of  equations  which 
can  bs  applied  to  a  large  number  of  problems.  Furthermore,  since  the  Sparrow  III 
information  is  rather  incomplete  it  has  not  been  possible  to  describe  the  actual 
missile  operation  in  the  detail  that  one  might  expect.  This  supplementary  infor¬ 
mation  will  be  published  in  a  subsequent  report. 

2.  MISSILE  EQUATIONS 

2.1  Longitudinal 

When  using  the  pitch-up  launching  technique  it  ie  possible  to  obtain 
altitude  differentials  f  approximately  33,000  feet  when  the  fighter  starts  the 
attack  at  35,000  feet*.  In  view  of  this  large  variation  intaltitude  it  is  reconmended 
that  the  variation  of  air  density,  pressure j  and  spaed  of  sound  with  altitude  be 
taken  into  account. 

This  type  o{  program  has  already  been  programmed  on  the  IBM  704  computer 
and  has  been  completely  checked  out.  It  will  thus  be  assumed  that  this  program  (AA  ATM) 
will  be  used  in  conjunction  with  the  following  equations.  This  program  will  require 
altitude  (in  feet)  as  an  input  and  will  produce  pressure  rai^io,  density  ratio,  and 
speed  of  sound  (in  ft. /sec.)  as  outputs**. 


The  missile  trajectory  cen 

thus  be  defined  by  the  following  equations: 

V” 

M  -  £ 

(1) 

q  -  1 t>0  V2  <r 

(2) 

L  «  q  S  CL 

(3) 

d  •  q  s  Cj) 

(4) 

^  -  g(  v  -  sinv) 

(5) 

"  V  (ft  “  cos*) 

(6) 

X  «  V  co os' 

(7) 

t  — h  -  -  V  sin/ 

(8) 

*  "Pitch-up  Launching  Studies  for  Sparrow  III  -  F3H-2M  Missile -Airplane  Combination" , 
U.S. Naval  Air  Development  Center,  Johnsville,  Pa,,  Report  No.  NADC-WR-5622, 

Dated  October  1956.  (Secret) 

**  Temperature  in  degrees  Rankine  would  also  be  available  if  this  quantity  were 
required . 
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Figure  .1  shove  the  mis  a  lie -target  geometry . 


Figure  1.  Missile-target  geometry 


&VX  m  V  cos  V  -  Vt  cos  Y  t 

(9) 

4V„  -  -  V 'sin  If  +  Vt  sin  If  t 

(10) 

vc  -  4VX  cos  A  e  -  ^VZ  sin  *  e 

(11) 

1 

€> 

1 

tu 

(if?) 

Zt  -  z 

A  ■  arc  tan  ~  xt  -  X 

(13) 

Zt  -  o 

(l*+) 

xt  -  Vt 

The  autopilot  equations  are: 

i  -  ■  rr%r-  <»«  -  *  *  *  > 

(15) 

(l6) 

L 

Na  ■  y  “  COB  JT 

(17) 

Nc  -  .013  £VC 

(18) 

>*e  * 

(19) 
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i  max 

In  the  above  equations  W,  T,  and  Cp  have  different  value*  for  the  boost 
and  glide  phase-  These  value*  are: 

Boost  Phase  Olide  Phase 


T  -  8889  +  ~  (1  -  *  ) 

~  po 

A  Cd  2 
CD  -  CPB  +  CL 

„  „  rv l  ■  wo  \  * 
w  -  wl  — - — ;  t 

Lb 

A 

In  these  equations  CDB,  Cqq,  — j 


T  -  0 


,  ACd  r?- 
'QQ  +  c~?~~  L 
N 

W  -  W„ 


,  and  C,1~wax  are  functione  of  Mach  number,  and 
A  max 


the  approximate  nature  of  their  variation  can  be  found  in  figure*  2-4. 


Table  I  also  lists  the  various  missile  characteristics  including  the 
autopilot  gains  and  missile  limits  which  must  be  used  in  the  above  equations.  How¬ 
ever,  since  the  autopilot  gains  are  set  at  launch, it  is  the  launching  altitude  that 
determines  the  autopilot  gain  and  not  the  instantaneous  altitude  of  the  missile. 


2.2  Lateral 


Due  to  the  symmetry  of  the  Sparrow  III  missile  about  its  longitudinal  axis 
the  missile  dynamics  will  be  the  some  in  both  the  lateral  and  longitudinal  planes. 
Thus  the  only  difference  in  the  equations  will  be  those  due  to  gravity.  In  view  of 
this  fact  it  becomes  necessary  to  make  two  types  of  ohanges:  (1)  remove  the 
acceleration  due  to  gravity  from  the  three  acceleration  equations  (equations  5,  6, 
and  17)  >  and  (2)  add  the  drag  due  to  the  vertical  lift  that  is  required  to  maintain 
level  flight. 


The  equations  in  the  previous  section  can  thus  be  converted  into  the 
lateral  form  by  merely  making  the  following  changes: 

s 

l)  Replace  Z  with  I  in  equations  8,  10,  11  and  13. 


2)  Drop  the  trigonometric  function  of  V  in  equations  5,  6,  and  17. 

3)  Replace  0*  with  (0?  +  bj®  )  in  the  Ojj  equation#  for  both  the  boost 
and  glide  phases  (where  Cig  •  jjj^) . 

■  Zt  should  also  be  noted  that  these  lateral  equation's  describe  a  coaltitude 
attaok  and  thus  P,  p,  and  a  art  constant. 
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Mach  Number 


FIGURE  4.  SPARROW  III-B  MAXIMUM  TRIMMED  LIFT  COEFFICIENT  VS  MACH  NUMBER 
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TABLE  I 

MISSILE  CHARACTERISTICS 


Weight 

At  launch  (Wl) 

End  of  boost  (Wq) 

Irapulre  (at  sea  level) 

Duration  of  boost  (tO 
Thrust  (at  sea  level) 

Wing  Area  (each  panel) 

Wing  movement  (each  wing) 

Maximum  differential  wing  movement 
Maximum  acceleration 
Antenna  glmbal  limits 
Maximum  closing  speed  (Vc) 

Maximum  sweep  rate  of  conical  scan 


300  lb. 

309  lb. 

16,000 'lb.  -  sec. 
1.8  sec. 

8809  lb. 

1.265  ft2 

+  21  deg. 

5  deg- 
15  g’e 
+50  deg. 

3500  ft /see. 

axis  (Xe)  +20  deg. /sec. 


AUTOPILOT  GAINS 


Altitude 

Range 

ft. 

K5 

deg/sec/g 

*6 

g/deg/sec. 

T3. 

sec. 

T5 

sec. 

0-17 

3.25 

.12 

.085 

2.96 

17K-32K 

5.05 

.12 

.085 

1.91 

32K-461C 

8.42 

.12 

.129 

1.73 

above  46lC 

12.33 

.12 

.129 

1.18 
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3.  DISCUSSION 

,  The  above  equations  describe  the  missile  trajectory  from  the  time  of  lock- 
on  until  impact,  but  do  not  cover  the  period  fran  launch  to  loek-on.  This  limitation 
was  imposed  by  the  fact  that  the  required  data  is  not  available  as  yet. 

The  Sparrow  III  employs  an  "English  Bias"  signal  to  provide  an  open  loop 
attitude  command  during  the  boost  phase.  However,  since  the  exact  manner  in  which 
this  signal  is  fed  to  the  surfaces  and  the  switching  cycles  that  are  employed  in 
the  missile  are  not  known,  it  is  impossible  to  define  the  initial  part  of  the  tra¬ 
jectory  at  this  time. 

4.  SUMMARY 


1 

! 


i 

4 


This  report  has  presented  the  equations  which  describe  theSparrow  III 
trajectory  from  missile  lock-on  to  impact .  The  equations  have  been  presented  fbr 
ccplanar  attacks  in  both  the  horizontal  and  vertical  planes  and  assume  a  non¬ 
maneuvering  target.  The  required  English  bias  and  firing  sequence  information  has 
been  requested  and  will  be  used  to  extend  the  scope  of  these  equations  when  available . 

It  should  also  be  noted  that  in  view  of  the  iarge  number  of  different  sources 
of  information  all  of  these  missile  parameters  and  assumptions  should  be  approved 
by  the  customer  before  performing  any  calculations. 


/"* 
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SYNOPSIS 


A  study  was  initiated  on  the  REAC  to  determine  the  system  settling  time 
of  an  airborne  fire  control  system  which  flies  a  lead  pursuit  course  and  utilizes 
air-to-air  guided  missiles  (Sparrow  II  and  Sparrow  III).  System  settling  time, 
in  this  study,  is  defined  as  the  time  required  to  reduce  the  initial  error  to  or 
below  a  specified  value  for  a  prescribed  length  of  time.  This  prescribed  time, 
Ts#  is  related  to  the  time  required  to  launch  the  missile  and  pilot  delay  time. 

The  results  from  this  study  are  presented  as  curves  in  which  the  true 
radial  error  is  plotted  as  a  function  of  settling  time.  These  results  do  not 
include  the  transient  settling  time  of  the  radar,  computer  and  auxiliaries.  How¬ 
ever,  when  the  values  of  these  parameters  have  been  established,  they  may  be  added 
to  the  settling  time  curves  of  this  report  and  the  total  system  settling  time  can 
be  obtained. 

The  probable  arrets  to  be  expected  when  the  interceptor  ia  vectored  into 
the  proper  zone  using  a  pure  collision  vectoring  technique  were  calculated.  Using 
this  data  in  conjunction  with  the  settling  time  curves,  the  following  conclusions 
were  drawn. 

1.  In  the  case  of  an  interceptor  wliioh  has  been  vectored 

onto  a  position  20#  off  the  nose  of  an  oncoming  target, 
the  time  required  to  reduce  tho  initial  error  to  or  below 
10*  will  be  equal  to  or  less  than  10  seconds  after  lock-on 
for  7k%  of  the  oases  flown.  This  time  decreases  to  8.2 
aeoonds  when  only  of  the  cases  flown  are  considered. 

Look-on  is  assumed  to  be  1?  nautical  miles  andTs  "  3  seconds. 

2.  In  the  case  of  an  interceptor  which  has  been  vectored  onto 
a  position  Uo*  off  the  nose  of  an  oncaning  target,  the  time 
required  to  reduce  the  initial  error  to  or  below  10°  will 
be  equal  to  or  leas  than  10.3  second'!  after  lock-on  for 
6U.6£  of  the  cases  flown.  This  time  decreases  to  8.2  seconds 
when  only  of  the  cases  flown  are  considered.  As  before, 
look-on  is  assumed  to  occur  at  1 J>  nautical  miles  andTg  “ 

.  3  seconds. 


METHOD  USED 

The  three  dimensional,  pitch  linearized,  aerodynamic  equations  of  an 
FliH-1  aircraft  were  simulated  on  the  REAC,  The  values  of  the  stability  coefficients 
corresponded  to  a  fighter  velocity  of  M  1*91  and  an  altitude  of  30,000  feet.  These 
equations  were  then  combined  with  the  simulated  equations  of  a  lead  pursuit  course 
to  provide  steering  information  for  the  pilot  located  in  the  ooekpit  mock-up. 

Slnoe  the  interceptor’ s  weapons  are  assumed  to  be  missiles,  the  error  equations 
were  mechanized  to  point  the  velocity  vector  father  than  the  armament  control  axis. 
The  simulation  equations  are  found  in  Appendix  1,  page *20.  The  error  presentation, 
in  this  case,  consisted  of  a  dot  which  the  pilot  was  required  to  "fly”  to  the 
center  of  an  osoillosoope.  This  was  accomplished  by  actuating  a  stick  which  trans¬ 
mitted  steering  voltages  to  the  airplane  equations.  The  thermal  and  glint  noise  of 
the  radar  was  simulated  and  added  to  the  elevation  and  azimuth  error  signals  at 


-2- 


CONFIDENTIAL 


CONFIDENTIAL 


the  pilot's  scope.  This  noise  was  simulated  by  shaping  white  noiBe  through  an 

- - S _ _  filter.  The  magnitude  at.  this  point  was  adjusted  to  ba  1*  mil/aeu , 

(1  *  0.2  3 f 

RMS.  This  was  then  multiplied  by  R  and  filtered  through  1  before 

W  rvfi.rs 

being  seen  on  the  scope.  The  block  diagram  of  the  entire  simulation  is  shown  in 

figure  1,  page  23 . 

Due  to  the  limited  time  available  for  this  study,  it  would  have  been  im¬ 
possible  to  investigate  the  effect,  of  the  variation  of  all  of  the  parameters  which 
affect  settling  time.  Therefore,  most  of  these  parameters  were  made  constant  and 
only  the  initial  angle-off  the  nose, 7-  ,  and  the  initial  error,  ,  were  varied. 

The  conditions  used  in  this  study  are  as  follcwsr 

(1)  Vp  -  M  1.91 

(2)  VT  -  M  1.91 

(3)  Angle-cff  target's  nose  ■  +20° j,  +UO°j;  +60‘$  +90* 

(U)  two  trained  Jet  pilots 

(5)  Noise  as  described  above 

(6) €Aq  •  +30°,  +20°,  +30°  (sign  ia  dependent  on  sign  of  angle-off) 

(7)  0.5  seconds  simple  filter  on  error  signals 

(8)  soope  sensitivity  ■  7*/inch 

(9)  VQ  -  oonatant  ■  1000  fps 

(10)  R0  «  10  n.m.j  lf>  n.m. 

The  prescribed  time,T  B»  was  chosen  to  be  3  seo.  and  6  sec.  In  order  to 
alleviate  any  bias  due  to  pilot  anticipation,  the  angle-off  and  the  initial  errors 
were  randomised.  A  list  of  the  treatments  used  is  found  in  Table  1,  page  17  »  15 
runs  were  taken  for  each  treatment  and  from  the  results  of  these  runs,  the  median 
settling  times  and  the  85£  settling  times  for  five  values  of  allowable  error  wore 
determined,  and  plotted  versus  the  radial  error e  These  plots  appear  in  figures  3 
to  34*  pages’" 8  to  is  .  The  initial  attack  picture  is  shown  below  in  figure  2.  All 
symbols  are  defined  on  page  31, 
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Figure  2*  Initial  Attaok  Picture  for  Settling  Time  Study 


RESULTS  AMD  CONCLUSIONS 

Figures  3  to  3 U,  pages  8  to  15  present  the  results  of  this  study*  In  these 
curves,  the  radial  error  is  plotted  as  a  function  of  Bottling  time.  Instead  of  plot¬ 
ting  curves  for  both  plus  and  minus  angles-off  the  nose,  the  data  was  combined  so  that 
only  one  curve  appears  for  each  angle-off. 

In  several  of  the  cases,  the  radial  error  never  diminished  below  a  value 
between  2  and  9  degrees.  When  thiB  occurred,  the  curves  were  extrapolated  to  this 
value  and  the  extrapolations  are  indicated  by  broken  lines  on  the  figures. 

For  one  case  in  particular  (T  ■  +60*}  R  ■  10  n.m.;  Somerville)  the  20* 
and  30*  initial,  errors  settled  to  a  lowSr  value  thfin  the  10*  initial  error.  The 
explanation  far  this  may  be  found  by  considering  figure  3$,  below.  In  this  figure; 


A 


»9  CONTOUR 
4-8 


Figure  35*  Sketch  of  ^ead  Pursuit  Geometry  Shewing  0  Contours 

A  is  the  interceptor  heading  on  a  lead  pursuit  oourse. 

iE  is  the  interceptor  heading  on  a  lead  pursuit  oourse 
with  a  10*  initial  error. 

C  is  same  as  B  except  that  the  initial  error  is  20* • 

D  is  same  as  B  except  that  the  initial  error  is  30* • 
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The  dashed  lines  indicate  the  path  of  the  interceptor  in  relative  coordinates  on  a 
lead  pursuit  course.  The  3  g  contour  represents  the  locus  of  points  on  a  load  pur¬ 
suit  course  at  which  the  interceptor  is  "pulling  3  g's" .  It  is  seen  that  an  initial 
error  of  30®  forces  the  interceptor  into  the  rear  of  the  3  g  contour;  thus,  the  inter- 
oeptor  pilot  has  more  time  to  reduce  the  error  than  ha  has  on  a  course  with  only  a 
10“  initial  error.  Since  there  is  more  time  available  with  a  30®  initial  error  than 
with  a  10®  initial  error,  it  follows  that  the  error  will  be  reduced  to  a  smaller 
value  on  the  30*  initial  error  course. 


The  question  which  now  arises  is  why  the  aforementioned  phenomenon  appeared 
in  Somerville’s  runs  but  did  not  appear  in  Nupp's  run3,  This  question  is  answered  by 
referring  to  table  2,  page  (g  ,  which  tabulates  the  average  "g's"  pulled  on  each  course 
for  each  pilot,  when  reducing  an  initial  error  of  30®  to  an  error  of  10®*  The  method 
by  which  the  average  g's  were  computed  is  found  in  Appendix  2,  page  2.4- •  From  the 
table,  it  is  seen  that  while  Somerville  averaged  between  3  and  u  g's  on  this  particular 
course,  Nupp  averaged  between  h  and  5  g's.  Since  Nupp  wbs  pulling  more  g's,  he 
approached  the  target  faster  and  brought  the  interceptor  into  the  forward  portion  of 
the  3  g  contour  which  shortened  the  available  time  and  resulted  in  a  higher  value  of 
radial  error. 


It  may  seem  that  the  explanation  above  is  contradic' tory  to  the  old  adage  of 
"never  pull  more  than  3  g's".  However,  this  old  adage  refers  to  a  situation  in  which 
the  interceptor  pilot  is  performing  a  precise  task  (for  example;  keeping  the  error 
zeroed  while  on  course) f  and,  in  our  case,  there  is  nothing  precise  about  pulling  the 
stick  back,  rolling  the  airplane,  and  watching  the  error  dot  drift  towards  the  center 
of  the  scope.  As  far  as  man  and  aircrait  structural  limits  are  concerned.  Reference  1 
indicates  that  an  average  man  can  withstand  5  g'8  of  acceleration  for  25  seconds  (no 
g  suit)  without  losing  consciousness  and  Reference  2  states  that  the  aircraft  structur¬ 
al  limitation  is  6.5  g's.  Since  the  longest  time  required  to  reduce  a  30®  error  to 
10®  was  about  16  seconds,  it  seems  that  the  above  limits  have  not  been  exceeded  in  the 
study. 


In  the  majority  of  the  radial  error  vs,  settling  time  curves  it  is  noted  that 
a  few  seconds  are  required  before  the  error  stays  below  its  init'  -1  value.  The  reason 
for  this  is  that,  initially,  the  error  was  increasing  faster  than  the  Interceptor  was 
turning  (i.e,,  the  pilot  was  not  pulling  enough  g's).  Since  the  pilots  did  not  know 
initially  what  course  they  were  going  to  fly  (due -to  the  random  order  of  the  courses) 
and  since  they  could  not  tell  what  the  initial  error  was  (due  to  a  limiting  circuit 
which  always  kept  the  error  dot  on  the  scope  faca),  the  first  second  or  two  of  each 
run  was  usually  flown  by  "guessability".  It  is  seen  that  the  above  phenomenon  appeared 
more  often  in  Somerville's  runs  than  in  Nupp's  runs.  This  is  to  be  expected  since 
Somerville  habitually  pulled  less  g's  than  Nupp. 


After  reviewing  Nupp's  results  on  the  small  angle-off  cases  (Tq  "  20®  an 
UO®)  it  was  deolded  to  increase  the  initial  range,  Ro,  to  15  nautioal  miles  lor 
Somerville's  runs.  It  was  found  that  the  system  was  much  easier  to  fly  with  the 
larger  R_  (the  g  requirements  were  considerably  lower  and  the  error  was  reduced  to 
a  lower  value  than  was  possible  at  10  nautioal  miles) .  This  fact  stresses  the  im¬ 
portance  of  greater  detection  ranges. 


The  differences  between  using  a  V  of  1000  ft/sec.  rather  than  V_  *  1291 
ft/sec  are  illustrated  in  figure  U5,  page  (£.  In  this  figure,  lead  pursuit  courses 
beginning  at  R0  -  10  n.i.u  have  been  plotted  forT0  -  20®,  1*0®  and  60®  using  values  of 
y  of  1091  ft/seo  and  1291  ft/sec.  The  reason  that  1091  ft/sec  ’*as  used  instead  of 
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1000  ft/sso  was  that  the  calculations  had  previously  been  made  for  another  3tudy  using 
V,  ■  1091  ft/seo,  Since  figure  li5  indicates  a  very  small  difference  between  V  ■ 
lu9l  ft/seo  and  VQ  ■  1291  ft/sec,  it  follows  that  an  even  smaller  difference  exists 
between  V0  ■  1091  ft/sec  and  VQ  «  2000  ft/sec. 

Appendix  III,  page  29,  by  R,  B.  Tucker  of  the  Analytical  Section  describes 
the  probable  errors  to  be  expected  when  the  interceptor  is  vectored  into  the  proper 
Bone  using  a  pure  collision  vectoring  technique.  Although  these  calculations  were 
made  for  V*.  ■  19U0  fps,  and  VQ  ■  1291  fps.  the  results  may  be  applied  to  the 
Ifcudy  without  excessive  loss  in  accuracy.  Assuming  a  loclc-on  range  of  1$  nautical 
miles  it  is  seen  that  forT0  “  60“  and  Vj  ■  1,0,  about  2|8;S  of  all  runs  will  have  an 

initial  error  of  30*  or  greater.  This  justifies  the  use  of  a  30*  initial  error  in 
the  study  and  also  indicates  that  a  more  accurate  vectoring  system  is  needed  if  high 
angles-off  are  to  be  used. 

Since  the  curves  from  Appendix  III  assumed  a  lock-on  range  of  15  nautical 
miles,  they  may  be  incorporated  with  the  radial  error  vs.  settling  time  curves  which 
used  an  R0  of  15  nautical  miles  to  provide  the  following  information. 

1.  In  the  case  of  an  interceptor  which  has  been  vectored  onto 
a  position  20°  off  the  nose  of  an  oncoming  target,  the  time 
required  to  reduce  the  initial  error  to  or  below  10°  will 
be  equal  to  or  less  than  10  seconds  after  lock-on  for  lk% 
of  the  cases  flown.  This  time  decreases  to  8.2  seconds 
when  only  U3.5£  of  the  cases  flown  are  considered.  Lock-on 
is  assumed  to  be  15  nautical  miles  and  T„  ■  3  seconds. 

2.  In  the  case  of  an  Interceptor  which  has  been  vectored  onto 
a  position  J*0#  off  the  nose  of  an  oncoming  target,  the  time 
required  to  reduce  the  initial  error  to  or  below  10°  will 
be  equal  to  or  less  than  10.3  seconds  after  lock-on  for 
6U.6$  of  the  cases  flown.  This  time  decreases  to  8,2  seconds 
when  only  38£  of  the  cases  flown  are  considered.  As  before, 
lock-on  is  assumed  to  occur  at  15  nautical  milQ3  andTs  0 

3  seconds. 

3.  Nothing  can  be  said  for  the  case  where  the  interceptor  is 
vectored  to  60“  off  the  nose  since  the  settling  time  data 
was  gathered  for  an  RQ  of  10  nautical  miles  and  the  curves 
from  Appendix  III  were  drawn  for  an  RQ  of  15  nautical  miles. 

Even  if  numbers  could  be  specified  for  this  condition,  their 
meaning  would  not  be  too  significant  since  only  $2%  of  all 
runs  had  initial  errors  of  30°  or  less  when  considering  the 
15  mile  lock-on  range.  This  percentage  would  even  be  less 
if  a  10  mile  look-on  range  were  considered. 
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SUMMARY 

The  system  settling  time  of  an  airborne  fire  control  system  utilizing  air- 
to-air  guided  missiles  and  flying  lead  pursuit  was  determined  on  the  REAC.  This 
settling  time  is  defined  as  the  time  required  to  reduce  the  initial  error  to  or  below 
a  epeoifled  value  for  a  prescribed  length  of  time.  The  results  were  presented  as 
curves  of  radial  error  vs.  settling  time  and  the  total  settling  time  (including 
settling  time  of  the  radar  and  computer  and  effects  of  allowable  launching  error) 
may  be  found  by  shifting  the  ordinates  of  these  curves  to  allow  for  the  effects  of 
the  aforementioned  parameters. 

The  probable  errors  to  be  expected  when  the  interceptor  is  vectored  into 
the  proper  zone  using  a  pure  collision  vectoring  technique  were  calculated.  Using 
this  data  in  conjunction  with  the  settling  time  curves,  certain  conclusions  were 
drawn  which  are  restated  below  for  convenience. 

1*  In  the  case  of  an  interceptor  which  has  been  vectored  onto 
a  position  20*  off  the  nose  of  an  oncoming  target,  the  time 
required  to  reduce  the  initial  error  to  or  below  10°  will  be 
equal  to  or  less  than  10  seconds  after  lock-on  for  7 1$  of 
the  oases  flown.  This  time  decreases  to  8.2  seconds  when 
only  1*3.5$  of  the  cases  flown  are  considered.  Lock-on  is 
assummed  to  be  1 5  nautical  miles  andT“a  -  3  seconds. 

2.  In  the  case  of  an  interceptor  which  has  been  vectored  onto 
a  position  1*0°  off  the  nose  of  an  oncoming  target,  the 
time  required  to  reduce  the  initial  error  to  or  below  10* 
will  be  equal  to  or  less  than  10,3  seconds  after  lock-on 
for  6k*t>%  of  the  cases  flown.  This  time  decreases  to  8.2 
seconds  when  only  38£  of  the  cases  flown  are  considered. 

As  before,  lock-on  is  assumed  to  occur  at  15  nautical  miles 
andrs  •  3  seconds. 
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1*  "High  Speed  Flight"  by  E.  Owsr  and  J.  Nayierj  Philosophical 
Library,  New  York,  1957 

2.  McDonnell  Report  No.  U5l8,  Volume  1,  "Fighter  Aerodynamic 
Status  Report"  Confidential,  12-16-55  (Revised  U-9-56). 

3.  "NMSTR^i,  FUH-1  Stability  Derivatives  ('Wind  and  Body  Axes) 
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MoDonnell  Aircraft  Co.)#by  R.  B.  Tucker,  5-1-57. 
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TREATMENT 

R0  (n,m.) 

Tn  (deg) 

— \j 

(deg) 

1#  13 

10 

+  20 

* 

10 

2,  lU 

♦  20 

20 

},  15 

7  20 

+ 

30 

U,  16 

7  UO 

T 

10 

5,  17 

“  UO 

+ 

20 

6,  18 

7  Uo 

+ 

30 

7,  19 

7  60 

+ 

10 

8,  20 

7  60 

” 

20 

9,  21 

7  60 

+ 

30 

10,  22 

7  90 

+ 

10 

11,  23 

7  90 

+ 

20 

12,  2 h 

7  90 

7 

30 

25,  31 

15 

+  20 

+ 

10 

26,  32 

7  20 

+ 

20 

27,  33 

+  20 

+ 

30 

28,  % 

+  UO 

7 

10 

29,  35 

' 

7  UO 

7 

20 

30,  36 

I 

7  Uo 

7 

30 

NOTEr  Treatments  1-12, 

and  25-30 

refer  to  plus 

value  of't'g  and 

Treatment  a  13-2U,  and  31-36  refer  to  minus  values  ofT0  and 


TABLE  It  LIST  OP  CONFIGURATIONS  USED  IN  STUDY 
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F7' 


Ro 

To 

Pilot 

AvgH 

15 

Uo 

8 

5o 

3-U 

15 

20 

S 

50 

3-U 

15 

20 

S 

85 

3-U 

15 

Uo 

s 

85 

3-U 

10 

60 

s 

5o 

3-U 

10 

60 

s 

85 

3-U 

10 

90 

s 

5o 

3-U 

10 

90 

s 

85 

3-U 

10 

20 

N 

5o 

U-5 

10 

20 

N 

85 

U-5 

10 

Uo 

N 

5o 

U-5 

10 

Uo 

N 

85 

U-5 

10 

60 

N 

5o 

U-5 

10 

60 

N 

85 

3-U 

10 

90 

N 

5o 

U-5 

10 

90 

N 

85 

•3-U 

TABLE  2r-  AVERAGE  G'S  REQUIRED  TO  REDUCE  AN  INITIAL  30*  HUN®  TO  AN  ERROR  OF 

10*. 
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To 

20 

ko 

f 

60 

I 


90 


20 


Uo 


N, 

3 

h 

$ 

3 

It 

5 

3 

k 

5 

3 

1* 

5 

3 

U 

3 

li 


t  Rq 

-  10 

6.6 


7.1 

10.9 

6.6 

16.9 
8.6 
6.0 
«• 

7.1* 

5.3 

7.8 

$.$ 


TABLE  3t  TIME  REQUIRED  TO  REDUCE  AN  INITIAL  ERROR  CP  30*  TO  AN  ERROR  OF  10* 
WHILE  FLYIND  A  CONSTANT  LOAD  FACTOR  COURSE. 
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APPENDIX  I  -  DETAILS  OF  SIMULATION 

The  foil  owing  equations  are  those  which  were  used  int.ho  interceptor  settling 
time  a  tidy.  The  airplane  is  an  fLH-1  flying  at  10.000  feet  whose  velocity  ie  KL.ol. 

Aircraft  Equations 

^  -  JL^Sa.  +s£j>  ^  +VF Ay-fo  +  *  -^r  f 

#  =  +  VFmu,  oc  +-mj.  f 

r  "  d>o_  +  n,r  +vp  flu-yS  r* 

a  «  jfc«k  *J«  OC  +3,  £  ♦  m-  cos  0  *  BRUAK.CE 

/3=&>+y^yrr+^-  ««<* 

Ort.nt.uon  A«a..  6r  =  £U?.S*  -S/3  t;.> 

<t- 

9  » -st  <g.  cos  (f)  -  r  sik* 

'Yr  =  5  L  4  s»n  <#>  +  r  cos  <£] 
a  e,  =  - 

Target  Velocity  in  Earth  Coordinates 

XT  *  CONSTANT  a  M  1.91 

%  «  *t  *  o 

Target  Velocity  in  Aircraft  Coordinate a 

UTa^T  COS  I' 

VT=XT[(|$)  SiKltf  COS^'-  COS0  StN'f] 

WT=*T[(*&)  COS  $  cosy  +  SIM  <t>  SIM^l 


-20- 


CONFIDENTIAL 


CONFIDENTIAL 


1 


Range  Rate  In  Aircraft  Coordinates 

Rx  s  Ur  —  Vp  COS  0Ce 

6  =  \i  — 

VT 

fe,=\NT-'SS-V,SINOC. 

Range  Kate  In  Antenna  Coordinates 

R  =[ftK  COS  +  &y  SIN  A#.^  COS Ae  —  ft*  SIN  Ae 
RO)k=  -ft*  SIN  Aa.+  fty  COS  A* 

”R0)j  -[kx  COSAo.+  fty  SINAo]  5INAe  +  R*  COSAe 

Lead  An^le  Ratea 

6)k  COSAe  ~C0i  SlM  Xe  “  T 
Ae  *  SIN  Ac,  -  (J  COS  A*. 

63{  =[p  COS  Aft.  +  <J  SINAo]  COS  A*  -Cr+Aj  SIN  At 

A«.*!.14* 

True  Errors 

eT„  -  [  rwk  v.  swa.] 

&T. =--^-[R«j  SinA.  cosVV.  cosAe^#)] 

R  *0.5* 
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FIGURE  1 :  BLOCK  DIAGRAM  OF  SIMULATION 
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APPENDIX  II  -  CAICULATION  OF  AVERAQB  Q*S  RBQUIRH)  TO 

mrnrw  i w  an  mssw  '16t  -  ~ 


The  geometrical  equations  of  an  interceptor  flying  a  constant  load  faotor 
course  in  Cartesian  target  ooordiiates  were  developed  by  J.  F.  Buchan  of  the 
Analytical  Section*  These  equations  appear  below.  All  symbols  are  defined  on 


page  31. 

RK  -R,  cosT0  ^s^tUnU+l.')  -  smC'tt  +t,+\_j]  W 

Ry  *  R0sinTo  *i5fer-[co  ~  cosix*  l3  W 

i  4nFT  13) 

L.  =  L,*-e„%  (4) 

Wp,  “  SiN  1  (5) 

T  =  TAN"[-|^]  ® 

L-'tt +t0  +  u-t  tl) 


The  assumptions  aret 

1*  Vp  ■  constant 

2.  Interceptor  and  target  are  at  the  same  altitude* 

3*  Target  flies  straight  line,  constant  speed  course* 
The  initial  space  picture  is  shown  below* 
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Far  each  condition  flora  on  the  REAC,  the  following  scheme  was  used  to 
calculate  the  average  g' s  required  to  redwse  an  initial  error  of  30*  to  an  error 
of  10* •  A  sample  set  of  the  intermediate  curves  needed  to  perform  the  calculations 
is  included  in  this  Appendix.  The  sample  condition  is  one  in  which /T"  “  60* J 

R0  ■  10  n.m*j;  NB  ■  3*4,  and  5  g*s,  vp  *  "  1897  fps. 


Considering  first  the  oase  where  N_  ■  5,  equations  (1)  to  (6)  were  used 
to  obtainTfor  t  -  0,5,10,15,20,2?  and  30  seconds.  Once  Tie  known,  equation  (5) 
may  be  used  without  the  subscripts  to  calculate  values  of  Ljp  as  a  function  ofT"  • 
Also  equation  (7)  may  be  used  to  obtain  Las  a  function  of  'y.  Now,  L  and  L 
are  plotted  vs.  T  on  the  same  graph  paper  as  show  in  figure  36.  From  equation  (4) 
(without  subscripts),  6^  *  -  L.  Therefore,  a  pair  of  dividers  may  be  used  to 

find  the  value  of  at  which  6  A  -  10*.  Finally?  T  is  plotted  vs.  time  (figure  37)? 


thus  the  time  at  which 6.  ■  10*  may  be  read  from  this  curve.  This  value  of  time  is 
the  time  required  to  reduce  an  initial  30*  error  to  a  10°  error  while  pulling  a 
constant  5  g's. 


The  above  procedure  was  repeated  for  *  U  and  Nz  ■  3»  The  plots  of  Ljjp 

and  L  vs.  T"  for  these  two  cases  are  shc..n  in  figures  38  and  39.  It  is  interesting 
to  note  that  for  Nz  -  3,  6A  never  diminished  to  10*  but  reached  a  minimum  of  24  . 

Therefore,  it  would  be  impossible  to  attain  a  lead  pursuit  course  at  these  conditions 
without  exceeding  3  g*s. 

The  procedure  was  again  repeated  for  all  of  the  configurations  used  in  the 
study.  The  times  to  reach  10*  were  tabulated  and  appear  in  Table  3,  peg*  19*  The 
times  from  Table  3  were  then  used  in  conjunction  with  the  radial  error  vs.  settling 
time  curves  to  predict  the  average  g*s  pulled  for  each  condition.  These  average  g  s 
are  tabulated  and  appear  in  Table  2, -page  18* 
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FIGURE  38 :  LEAD  ANGLES  VS.  A.NGLE-0FF  THE  NOSE  >  n*=4 
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APPENDIX  in  ■>  PROBAiiII.IT/  DISTRIBUTION  OF  3YBTBI  STElglNQ  ERROR  AT  LOCK-QN 


A.ie  objective  of  this  phase  of  the  study  was  to  determine  the  probability 
(listr*  ution  of  tho  system  steering  errors  it  lock-on  when  vectored  to  detection  by 
a  or  J.sio*i  vectoring  system.  Converting  this  probability  distribution  into  a  cumu- 
lat  ve  probability  yields  design  curves  from  watch  the  expected  initial  errors  versus 
the  cumr'  ti/e  percent  cases  mry  he  read,  Thosh  design  curves  have  significance  in 
the  ii;  _gn  cu  error  circuitry  and  tho  choice  of  system  required  settling  time. 

The  assumptions  madr  in  t  L\s  phase  of  tbu  study  were* 

(1)  The  lock-on  from  the  pure  c  liJ.sion  course  occurred 
at  a  constant  v  ngo  of  15  nautical  miles  at  all 
angles, /T",  the  1  tt*a  nose, 

(2)  The  target  was  flying  snre-Lflht  and  level, 

(>)  Vectoring  accuracy  assumptions 

(a)  In  this  study,  the  interceptor  was 
vectored  onto  one  of  four  pure 
collision  courses,  either  <t0  *  20", 

30°, 1*0"  or  6o“'j;  where  T0  was  the 
initial  angle  o*f  the  target's  nose. 

(b)  Parallel  to  each  of  these  pure  collision 
courses,  we  have  a  standard  deviation,  Ct 
of  3  nautical  miles, 

(c)  The  heading  in  all  the  courses  comprising 
the  distribution  was  the  heading  associated 
with  the  course  at  the  center  of  the  dis¬ 
tribution. 

The  percent  of  interceptions  which  occur  in  one  nautical  mile  increments 
about  the  pure  collision  course  from  0  to  3(T were  obtained  from  a  Gaussian  distri¬ 
bution,  Tb.a  curve  of  this  distribution  function  is  shown  in  figure  1*0, 

The  headings  of  the  interceptor  for  the  pure  collision  and  lead  pursuit 
courses  can  be  obtained  from  the  following  equations* 

Pure  Collision 

(1)  SiM  3-r.c.  “  if- 


(2)  ^=>r.c.  vr. 
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lend  Pursuit 

(3)  si*  'Xlt.  ^  Is"* T 

(U)  +'r 

\ihere  Y"i*2  ar®  the  interceptor  headings  on  pure  collision  and  lead  pursuit 
respectively. 

The  differenoe  in  the  heading  of  the  interceptor  on  the  pure  collision 
course  at  the  time  of  look-on  and  the  desired  lead  pursuit  heading  may  be  found  from 
equation  £. 

(5)  e«N\-Nr, 

The  conditions  used  in  this  phase  of  the  study  were  as  follower 
Altitude  of  Interceptor  -  £0,000  ft. 

VF  “  VF  max  “  1^°  *t/seo. 

V0  -  1291  ft/seo. 

vT/Vp  ■  0.8,  O.U£ 


Having  now  obtained  the  heading  error  of  the  interceptor  at  lock-on,  the 
cumulative  Bum  of  the  percent  of  interceptions  which  were  between  Q’  and  ♦30*>  errors 
were  obtained  over  increments  of  five  degrees  of  error. 

This  cumulative  sum  is  shown  in  figures  Ul  through  UU,  where'  the  initial 
angle  off  the  target's  nose,‘Y’0,  was  20*,  30°,  U0"  and  60*  respectively. 

These  curves  indicate  that  there  is  a  smaller  distribution  of  errors  for 
the  lower  speed  ratios  than  for  the  higher  speed  ratios.  For  the  oases  considered, 
the  percent  of  interceptions  decreased  as  the  angle  T"o  increased. 

Since  the  body  of  this  report  was  only  concerned  for  the  speed  ratio  of  1.0, 
the  remainder  of  the  disoussion  on  these  curves  will  be  for  this  condition. 

For  all  the  cases,  except  20*,  over  £<#  of  the  interceptions  had  *1$* 
or  more  error  at  look-on.  For  this  exception,  h6%  had  +1 £*  or  more  error. 

The  cases  of  T  -  20*  and  30*  had  11$  and  18£  of  the  interceptions  which 
had  +30*  of  error  or  mor$  at  look-on.  For  'K  -  1*0*,  there  was  2h%  with  an  error  of 
+30*“or  more  and  for  the  case  where  *7^  ■  60*,  there  was  U8£  of  the  interceptions  with 
an  error  of  +30*  or  more  at  lock-on. 
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REFIRENCEi  NRL  Memorandum  C -£309-387/57  tlmm 

Subject*  "Classification  cf  Vectoring  Err  0*9  in  Airborne  Intercept" . 
Dated  1U  May  1957,  Confidential. 
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CUMULATIVE  PERCENTAGE  OF  INTERCEPTIONS 
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CUMULATIVE  PERCENTAGE  Of  INTERCE.PT/onb 
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DEFINITION  OF  SYMBOLS 

Interceptor  angular  rates  in  roll,  pitch,  and  yaw 
respectively  (deg/sec). 

Interceptor  elevator,  aileron  and  rudder  oontrol 
surface  deflections  respectively  (deg,)* 

Incremental  angles  of  attack  and  sideslip,  respectively, 
(deg.). 

Initial  pitch  angle,  angle  of  attack,  and  elevation  lead 
angle,  respectively  (deg.). 

Euler  angles  relating  spaoe  coordinated  to  aircraft 
Coordinates  in  roll,  pitch  and  yaw,  respectively  (deg.). 

Target  linear  velocities  with  respect  to  space  coordinates, 
(ft./sec.). 

Range  rate  components  in  aircraft  coordinates,  (ft/sec.). 


Range  rate  (ft./sec.). 

Roll,  elevation  and  azimuth  space  rates  of  the  line  of 
sight  (deg./sec.) . 

Depression  angle  between  armament  control  axis  and  aircraft 
principal  axis  (deg.). 

Azimuth  and  elevation  antenna  lead  angles  (deg.). 

Azimuth  and  elevation  true  errors  (deg.). 

Azimuth  and  elevation  scope  errors  (deg.). 

Interceptor  velocity  (ft./sec.). 

Target  velocity  (ft./sec.). 

Projectile  velocity  (ft./sec.) 

Range  to  target  (feet). 

Component  of  range  in  target  direotion  (n»m.). 

Component  of  range  perpendicular  to  target  direction  (n.m.) . 
Azimuth  lead  angle  on  constant  load  factor  course  (deg.). 
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Lu*  “  Azimuth  lead  angle  cm  lead  pursuit  course  (deg.), 

%  -  Angle-off  the  nose  (dog.). 

^  -  Initial  azimuth  error  (deg.)» 

9  -  Gravitational  acceleration  (ft/sec,2). 

ft*  “  Incremental  normal  acceleration  (g's). 

-  Interceptor  yaw  rate  (deg./seo.), 

-  The  prescribed  length  of  time  for  which  the  radial 
error  must  be  on  or  below  a  specified  value,  (sec.). 

N«*NCI  -  Shaped  noise  in  Azimuth  and  elevation  channels* 
u  respectively. 

-  Subscript  denoting  initial  condition. 

(•)  -  Superscript  denoting  differentiation  with  respect 

to  time. 

t  -  Time  (sec.). 

j  ^vj  *-Sr .  ir  ^ 

>  rr)H>  rr\y 

,  r\V)  nr  y  Interceptor  aerodynamic  constants 

.  -  |  obtained  from  aircraft  manufacture's 

filt,  o\  I  data. 

&Sr  )  ^rr,  'Ati  J 

Median  settling  time  -  The  time  required  to  reduce  the  initial  error  on  of 

the  runs  to  or  below  a  specified  value  for  a  prescribed 
length  of  time. 

settling  time  -  The  time  required  to  reduce  the  initial  error  on  of 

the  runs  to  or  below  a  specified  value  for  a  prescribed 
length  of  time. 
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Amlytloal  Station  Taohnlonl  XMomadam  So.  126 


APPENDIX  VII 

Al/UO-TO  Tn  Mr 

JilSSktC  Knlrt  ynna*«t 


Olatrtbut&on 

016  -  0.  S.  MaOlallan 
ICO  -  0.  3.  Pot* jail 
109  -  R*  a;  Clanton 
103  -  I,  3.  Buddlastoa 
1Q9  -  S*  Baida  (10) 

083  -  A.  A.  B ivt 
083  -  3.  0«  Salma 

085  -  I,  to*  S.  B«18a 
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Abatraet 

Thin  jmiio  evaluate*  the  effeot  of  th«  currently 
proponed  inprovaaente  on  the  fair  weather  detec¬ 
tion  range  performance  of  the  ASl/APQ-72  radar* 
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i.  atoflaUaa . 


Of  the  ourrently  proposed  improvements,  the  following  are 

a#  +  Ua4  «  affae  4-  am  4  k*  4*4*«*44am  %mmwa  a*w*  K4  1  4  Af  fKft  AN  /A  PQ^'TO  I 

V*  wav**  W*  *  VVW  VAA  W41W  UWVWWWAWli  AIMJ^V  VK|A*W**A  WJI  - - - - 


are  evaluated  in  term* 


1.  Triangle  veotorlng 
2*  Searoh  Volume  Optimisation 
3.  Automatic  Alarm 
4*  Improved  Receiver  Noise  figure 

5.  Bandwidth  Switching 

6.  Bright  Display 

The  Improvements  relating  to  ECM,  olutter  and  foul  weather  will  be  treated 
separately  in  subsequent  reports. 


Triangle  vectoring  is  intended  to  replace  the  presently  used  voioe  oontrol. 
It  will  provide  the  pilot  with  suffioient  information  to  analyse  the  taotloal  situa¬ 
tion  and  aow  aooordingly.  The  attaok  oouree  will  be  entirely  of  the  pilot's  ohoosing. 
The  proponents  of  triangle  veotorlng  maintain  that  the  pilot  in  a  better  position  to 
deoide  on  an  attaok  oouree. 

Target  information  will  be  transmitted  by  digital  means  to  the  fighter's 
oomputer  every  two  seoonds.  The  oomputer  will  also  reoelve  continuous  Information 
pertaining  to  the  fighter's  motion.  The  inputs  to  the  oomputer  arei 


1.  Relative  displacement  between  the  flghtor  *\ 
and  the  target  in  reotangul&r  coordinates  V 

2.  Target  speed  7  Transmitted  to  the  fighter 

3.  Target  bearing  (  every  two  seconds. 

4.  Wind  vslooity  ) 

5.  lighter  speed  h  Determined  by  the  fighter  and  continuously  fod  to 

6.  lighter  bearing  [  the  oomputer. 

The  searoh  radars  that  will  date mine  target  information  will  be  eithor 
shlpborne  or  airborne*  Table  I  lists  sons  searoh  radars  that  will  ba  available  in 
the  1960-1965  era. 

Table  I  ••  Searoh  Radars 


Type  end  Doslgnution 
Unstabilised 

819-12 

BP3-17 

Stabilised 

8F8-3 

BIS-13 

8H3-26 


Trsqusnoy  Range  (H.M)  Soan  Rate  (rpm)  Power  (watts) 


1.5-2. 5 
0-12 


1,  2,  3.  5,  10 
3.6 
10,15 
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Table  I  -  Search  Radars  (Coat'd) 


•  and  Designation 

FroqueaOy 

/ V  XI  \ 

Avctugv  \n«m/ 

aa*M 

»wav«  \*  |/ui/ 

Rim  taw  /iis4 
•we wa  \e«w 

Stabilised 

BPS-3 

'  - 

40 

0.8 

EW 

SBS-17 

200  or  400  mops 

200 

10 

750  lev 

Airborne 

,r~-2Q£ 

S 

200 

6-10 

2.25  mw 

iuo-70 

425  mops 

250 

2  mw 

AFS-45 

X 

- 

- 

450  kw 

In  the  Computer,  both  the  fighter  and  target  velocity  vectors  vill  be 
derived*  Rang*  to  the  target  and  the  designated  relative  position  of  the  target  with 
respect  to  the  fighter  will  be  oomputed.  The  lead  angle  will  also  be  computed  and  the 
antenna  driven  such  that  It  Is  pointing  at  the  target.  The  target  designation  point 
will  be  determined  and  presented  to  the  pilot. 

AH  presentation  to  the  pilot  will  be  made  on  the  B-Seope.  Here  the  fighter 
position  will  always  be  on  the  bottom  of  the  scope  (zero  range)  and  In  the  center  of 
the  sals-  ith  indication  (sero  azimuth  angle).  The  pilot  then  will  feed  an  arbitrary 
tlme-to~go  setting  into  the  oomputer.  The  scope  presentation  will  then  shew  both  the 
fighter  and  target  velocity  veotore  for  the  particular  tims-to-go  aattlng.  This  is 
shown  In  Figure  1  . 


Figure  1 

By  adjusting  the  time-to-go  setting,  the  velocity  vectors  vill  assume 
different  lengths.  The  tactical  situation  is  thus  presented  to  the  pilot  to  evaluate. 
Target  bearing,  the  speed  ratio,  xead  angle,  angle  off  the  target's  tail  and  range  are 
displayed  or  easily  determined. 

If  the  p^lot  wants  to  fly  a  collision  course,  then  he  maneuvers  the  fighter 
suoh  that  the  two  VT  vectors  intersect  as  shown  in  Figure  J>_. 
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Figure  2 


After  the  tlme-to-go  setting  la  Initially  mode,  a  time  olook  will  run 
tia*-to-go  down.  The  antenna  ia  automatically  pointed  at  the  targot. 


Triangle  vectoring  oan  be  applied  to  any  desired  oourae  or  taotlo.  If  for 
exaaple  the  fighter  la  approaohing  the  target  nose-on,  but  an  antl-parallod  couroo  lo 
deairod,  then  the  display  will  be  alterod  to  aooommddato ' the 'developing  geometry. 

This  la  shown  In  figure  1  . 
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The  ftoeuraojr  with  uhioh  triangle  veotoring  oan  establish  the  relative 
position  of  the  target  is  2  n.n  radius  (nns)  in  aaimuth  and  1  n.m.  rodiub  (rma)  ir, 
elevation*  Estimates  on  the  acouraoy  vdth  vhioh  the  target  bearing  angle  oan  be 
determined  vary  from  +  10  degrees  to  +  20  degrees.  Significant  improvements  in  AI 
deteotion  and  look-on  range  oan  be  made  vdth  the  proper  ut>-  of  triangle  veotoring 
beoause  the  eearoh  volume  oan  he  shortened  vith  the  result  that  oither  the  number  of 
hits  /  soan  oan  be  inoreased  or  the  frame  time  deoreaaed  or  both. 

It  is  planned  that  flight  teats  oonduoted  by  KRL  vdll  start  July  1,  1957. 
Dat\  taking  ie  to  oommonoe  on  September  1,  1957.  It  is  hoped  that  the  tost  program 
Of  triangle  veotoring  vdll  be  completed  by  Juno  It,  1958*  The  primary  objection  of 
the  flight  test  program  is  to  determine  the  aoouraoy  of  the  eystom.  It  io  estimated 
by  NRL  that  duo  to  lead  time  factors,  triangle  veotoring  vill  not  be  avallablo  for 
the  ZIA  eyetem.  Existing  veotoring  teohniques  Dust  be  used.  The  veotoring  aoouracy 
vill  still  be  the  same  as  for  triangle  veotoring.  Henoe  deteotion  range  improvement 
through  optimisation  of  the  search  area  is  still  possible. 


ni.  gpwfflii  ,Arw..  Pp,tMBftU,gn 


The  probability  of  detecting  a  target  is  the  product  of  two  probabilities. 

1,  The  probability  that  a  target  ia  within  the  area  scanned. 

2«  The  probability  distribution  given  that  the  target  is  within  the  scanned 

area. 

To  optimise  the  searoh  area,  the  area  scanned  should  include  "much"-  of  the 
area  of  uncertainly  of  target  looatlon.  The  ultimate  criterion  of  an  optimized  search 
area  io  the  deteotion  range  attainable  with  the  particular  scan  pattern  chosen. 

Veotoring  inaccuracies  will  produce  an  area  of  uncertainty  of  2  n.m  radius  (rma)  in 
azimuth  end  1  n.m.  radius  (rma)  in  elevation.  Sinoe  targets  are  assumed  to  be  normal' 
ly  distributed  about  the  designated  target  position,  a  search  area  of  12  n.m  x  6  n.m. 
would  provide  99$  probability  of  a  target  lying  withmtho  area  searched.  If  R  is  the 
deteotion  range,  then  the  angular  area  that  should  be  scanned  ie  x  57.3  x  6  x  57.3deg* 

R  R 

Suoh  a  searoh  area  is  not  nooesearlly  an  optimum  one.  An  estimate  of  target  range  will 
be  available  from  veotoring  information.  Ideally,  the  area  scanned  should  vary  con¬ 
tinuously  with  target  range,  but  an  alternative  oan  be  discrete  ohangea  in  the  area 
soarohed  to  be  made  either  manually  or  automatically  as  the  designated  target  range 

ohangea. 


Deteotion  range  improvement  as  a  result  of  a  reduction  ia  iho  area  scanned 
arise.*  from  a  reduotlon  in  the  frame  time  or  an  increase  in  hits  per  scan  or  both. 

The  improvement  due  to  a  reduotlon  in  from  time  oan  be  seen  from  figure  4  which  shows 
the  relationship  between  R/Ro  and  AR/Ro 


where i  Ro 
R 

dR 


Idealised  range 

Deteotion  range  for  85$  and  50$  cumulative  probability  of 
deteotion 

R  tf  R  =  Closing' rate 
tf  =  Frame  time 
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Figure  U  is  derived  for  slowly  scintillating  target  signals  and  an  operator  factor 

of  0.5. 


TmwAipnw«>w+  Hw  am  na  n  »*Aon1+  nf  an  {nnvnnaa  in  V\H  fa  nor 

V  »  Wt'.WXV  ,Mt  Uw  WVVUAVit  *  M*iuv  «-*«_>  Vb  b  VM  «  >  W  vi.  VM«  VMMV  Ail  |.W* 

scan  can  be  seen  from  figure  5  which  shows  U/E0  as  a  function  of  hits  per  scan  far 
various  values  of  n  (total  number  of  noise  variants  in  a  falso  alarm  time).  Figure 
h  is  derived  in  reference  1.  This  relationship  between  R/R0  and  hits  por  scan  was 
derived  for  constant  amplitude  target  signals.  If  scintillation  of  target  echoes 
is  taken  into  account,  then  the  detection  range  improvement  that  would  result  from 
increasing  the  hits  por  scan  from  ni  to  n2  would  be  approximately 

(*r 


Optimization  of  the  search  area  must  consider  both  tho  probability  of  a 
target  lying  within  the  area  searched,  and  the  probability  distribution  for  a  target 
within  the  area  searched.  For  the  X1A  system,  tho  most  important  case  is  the  nose- 
on,  high  speed  attack.  It  will  be  assumed  that  ito  ■  6 0  n.m.  is  attainable.  This 
figure  for  Ro  can  be  Justified  and  will  be  developed  later.  The  closing  rate  is 
assumed  as  0.6  n.m. /sec.  Tho  optimum  detection  ranges  for  various  search  areas  for 
these  conditions  are  shown  in  figure  6a.  This  figure  was  derived  by  extrapolating 
AFQ-6I1  flight  test  results  (reference  2)  by  the  methods  of  reference  3.  Th*  optimum 
detection  range  far  a  given  search  area  is  the  detection  range  optimized  with 
respect  to  frame  time. 


For  a  given  detection  range,  there  exists  an  optimum  search  area.  This 
is  evident  from  figure  6a.  Search  areas  greator  than  the  optimum  results  in  either 
an  increase  in  frame  time  or  a  decrease  in  hits  per  scan  or  both.  On  the  other  hand, 
a  'eduction  of  the  search  area  from  the  optimum  will  decrease  the  probability  of  a 
target  lying  within  the  area  searched.  No  one  particular  search  area  is  optimum 
for  all  detection  ranges.  A  truly  optimum  search  pattern  is  one  that  varies  with 
target  range.  A  compromise  between  system  detection  requirements  and  mechanization- 
considerations  can  be  made  by  considering  that  tactically  20-30  miles  of  detection 
range  is  needed.  Hence  a  search  pattern  that  covers  17  degrees  by  6.5  degrees  at 
long  range  and  one  that  covers  23.6  degrees  by  11.6  degrees  (3  bar  scan)  at  ranges 
below  26-26  1  1,  will  provide  maximum  probability  of  detection  for  the  tactically 

required  detec  a  ranges.  The  cumulative  probability  of  detection  curves  for  this 
situation  are  own  as  curves  A  and  B  of  figure  6a.  As  additional  information,  the 
ease  where  the  ‘ectoring  accuracy  is  3  n.m.  (rms)  in  radius  by  1  n.m.  (rms)  in 
radius  is  shown  in  figure  6b.  Here  curves  A  and  B  of  figure  6a  are  degraded  by 
the  additional  vectoring  inaccuracy. 


It  hae  been  assumed  thus  far  that  fighter  bearing  is  known  exactly  and 
that  the  bearing  inaccuracies  lie  entirely  with  the  target.  If  this  be  the  case, 
then  the  curves  of  figure  6a  are  valid.  This  is  the  exceptional  case.  If  the 
bearing  inaccuracies  are  divided  between  the  fighter  and  the  target,  then  the 
fighter's  bearing  inaccuracy  must  be  included  in  the  search  pattern.  From  con¬ 
siderations  of  vectoring  accuracies,  it  appears  that  10  degrees  need  be  added  to 
the  azimuth  coverage.  Under  this  condition,  curves  A  and  B  of  figure  6a  would  bo 
altered  to  those  as  shown  in  figure  6c. 
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Sffoot  of  Hits/bo&n 
(to 

Dotootlon  Bang* 

(90Jt  Arobablllty/Boan) 


lig.  9 
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Tor  •  Millar  R©  *,g.  R©  ■  30  n.a.,  the  aeiroh  pattern  must  be  enlarged, 
figure  7«  show*  detection  range*  a*  a  function  of  aearch  area  assuming  no  heading 
errors  and  a  restoring  aoouraoy  of  2  n.m.  (rna)  in  radiue  in  asiwuth  and  1  n.a. 
(xee)  in  radius  in  elevatioa.  When  10  degrees  of  heading  error  are  included,  the 
auras  of  figure  7b  results,  from  flaws  7b  it  osn  be  ooneluded  that  for  smaller 
Bo#  e  switch  froa  33*6°  x  11.8*  to  Ij0.2*  x  15*1*  dsould  ooour  at  /<  n.a. 

The  area  searched  aa  a  funotion  of  target  range  ia  tabulated  below. 

9m  tabulation  reprevents  the  optima  switching  in  search  area  that  should  ooour 
la  order  to  ash l«ve  maxima  probability  of  detection  for  all  ranges.  Kschanlaatlan 
difficulties  sight  rule  out  sons  switching.  Bence  the  aearch  area  switching 
tabulated  below  osn  not  be  reooaeonded  until  mechanisation  oanaidar  itlona  arc 
lnreathgatsd. 


Range 

Oreater  than  26  n.a. 

14  >S6  n.a. 

Leas  than  (4  n.a. 


Arts  3# arched 
27*  x  8.5* 
33*6*  x  11.8* 
U0.2*  x  13.1* 
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If.  Antotaaila  Aim 

The  purposes  af  eUtosatlo  alarm  circuity  are  tot 

1*  Zherease  tha  detection  range  by  negating  the  deleterious  affect*  of 
"operator  factor*. 

2*  Permit  the  pilot  to  oonoeotrata  on  flying  hi*  eiroi’eft. 

Tha  propoaad  automatic  alum  ayataa  will  activate  an  alar*  uh*n  tha  oysta* 
dataota  a  target.  *  Operator  Motor*  degrades  tha  detection  range  by  virtue  of  the 
following  factors, 

I.  Tha  operator  cannot  concentrate  on  the.  detection  problem. 

2*  Tha 'operator  must encompass  a  large  field  of  view  for  primary  deteotion. 

J.  Tha  deteotion  time  of  the  operator  muat  include  1-2  additional  framo 
time  for  target  verification  purposes. 

4.  Operator  fntique. 

The  proposed  automatic  alarm  circuit  for  the  AKJ-72  iw  shown  lh  figure  8. 

The  circuit  la  basically  a  two-atep  threshold  deteotor.  Delay  line  cancellation 
discriminate#  against  large  olutter  signals.  The  primary  detector  responds  to  any 
single  pulse  whose  amplitude  exceeds  a  given  threshold  sotting.  ,The  second  deteotor 
responds  only,  whon  the  summation  of  the  suooeedlng  four  pulses  exceeds  a  seooud  thres¬ 
hold  setting.  The  false  alarm  time  for  the  primary  deteotor  is  0.1  seoonds.  Pbr  the 
seooad  deteotor,  the  false  alarm  time  is  1800  seoonds. 

The  video  signals  are  applied  to  a  two  stage  video  aaplifle  An  AGO  loop 
controlled  by  nOisd  regulates  the'g&iri  of  the  video  amplifiers.  This  is  neoessaxy 
sines  the  primary  deteotor  threshold  in  set  at  soma  level  above  the  average  noise. 

This  level  will  be  determined  later. 

The  output  of  the  aeoond  video  amplifier  is  fed  to  an  inverse  log  amplifier 
whose  funotlon  is  to  males  homogeneous  alutter  signals  have  a  constant,  amplitude  and 
well  defined  loading  and  lagging  edges.  (Homogeneous  olutter  is  defined  as  clutter 
that  is  composite  in.  xha  ocnae  that  the  eoho  amplitude  is  the  veotor  sum  of  nany 
snail  echoes  from  individual  targets  spattered  over  an  area  determined  by  the  beam- 
width  and  pulsowidth.  The  individual  echoes  are  so  numerous  in  the  illuminated  area 
that  even  tho.  largest  is  small  compared  to  their  rum  and  the  phases  of  these  echoes 
are  independent ) .  Tho  lpverse  log  amplifier  is  a  high  gain  amplifier  whose  oheraator- 
istios  are  cuoh  that  the  greater  the  amplitude  of  the  input  signal,  the  greater  the 
gain  of  tho  amplifier,  thus  sharpening  tho  edges  of  the  olutter  signal. 

The  output  of  the  inverse  log  amplifier  is  then  ooupled  into  e  limiter  cir¬ 
cuit  whloh  limlte  the  input  signal  (to  a  olutter  rejection  circuit)  to  a  constant 
amplitude.  The  olutter  rejeotlon  oiroult  le  a  puloewidth  discriminator.  It  consist# 
of  a  delay  Use  differentiator,  a  delay  lino  and  a  summing  amplifier.  The  puleevidth 
discriminator  produces  positive  and  negative  pulses  of  equal  amplitude  and  width.  The 
puleeuidtho  cannot  exceed  tho  delay' time  of  tho  delay  line  discriminator.  Consequently, 
pulseu&dths  is  assess  of  the  delay  time  of  the  differentiator  are  oanoelled  out  by  re¬ 
flections  along  "the  line  and  results  In  %  dead  sone  between  the  positive  and  negative 
pulses.'  See  figures  9  end  10. 
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Output  of  Do lay  Lina 
Differentiator 

Signal  Width  Equal  to  Delay  Tine  of  Differentiator. 

Figure  9 


Output  of  Delay  Line 
Differentiator 


Signal  Width  Equal  toTwloe  the  Delay  Time  of  Differentiator 

Figure  10 
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This  output  of  the  different istor  la  s *•«*  «n  imptfi  to  a  mining  aisplif}.  e.r 

and  Into  *  delay  llm,  The  output  of  the  delay  !,  J.jw-  ig  «nt  to  another  input  of  the 
BUBaiac  ajKili.fi  ar.  The-  auadne  amplifier  will  drr«ii)p  an  output  if  the  signal* 
to  It  ft  on  tha  diffsrsai.iator  and  the  delay  Hue  ax*  in  tine  o»in«lu#aa*  and  loO  do- 

(Tee*  out  of  phase.  Refer  to  figure*  U  and  12 


Input  from  differentiator 


Input  from  delay  line 


iKSti&tSSP. 


to  sy^wing  amplifier  vhen  signal  width  equals  delay  tire  of  differ- 
Pigur*  XI 


Input  from  differentiator 


Input  from  da lay  line 


l 


Inputs  to  Burning  amplifier  when  signal  vidth  «xoa«da  tU.ee  delay  time  of 
iftiftarastittort 


Figure  12 
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Input  to  Delay  him  Output  of  summing 

Differentiator  Amp. 

Signal  Width  Slightly  lass  Than  Delay  Time  of  Differentiator 

Figure^  13  ^ 


j for  signal  widths  greater  than  the  delay  time  of  the  differentiator,  the 
dead  son*  between  the  positive  and  nagative  pulaes  lnoroases,  oausing  those  pulses  to 
move  out  of  time  ooinoidenoe  resulting  in  a  rsduosd  width  out  of  ths  summing  amplifier. 
Jbr  signal  widths  greater  than  tvloe  the  delay  time  of  the  differentiator,  there  la  no 
output  of  the  summing  amplifier,  (figure  13.) 


Input  to  Dele t  Dine 
Differentiator 


Output  of  Summing 
Amp. 


Signal  Width  Greater  Than  Twloe  *he  Delay  Time  ©f  the  Dif feronrintc-r 


The  pulaewldth  discriminator  output  le  sent  to  an  Integrator  and  the  primary 
deteetOr,  The  primary  detector  generates  a  range  gate.  Pulses  within  tho  range  &ut.e 
are  Integrated  for  a.auabsr  of  repetition  rates.  If  the  integrated  energy  exoeods  tho 
threshold  level  of  the  epoond  detector,  an  alarm  is  given, 

Upon  reoeption  of  the  triggering  signal,  the  aoaroh  sweep's  integrator 
starts  integrating.  The  output  inoroases  until  a  suspeotod  target  signal  triggers  tho 
primary  deteotor.  The  primary  deteotor  holds  ths  output  of  tho  search  sweep  at  tho 
level  it  had  when  the  suspeotod  target  signal  triggered  the  primary  detootor.  Tho 
primary  deteotor  output  initiates  the  acquisition  swoop. 
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The  acquisition  sweep  ouild*  up  *  ?■  * *>»  s  r  >  -  ■  , tage 

and  the  bald  output  of  the  ssaroh  sweep  goner*'  ■»  «  r*ng«>  g*'  *  tr'»r  t  •.•*  f  i  -  -.i  qnii 

has  be  «n  generated,  the  acquisition  sweep  holdn  this  raferenr*.  Tnr  Anarch  nwoop 

^ —A. _ _  _  l..i.  a.i - -  j  ex.*  i —  i  j  _  i  i  _  i  .  i  »n. 

x  vuui  ya  w  ■■1V|  IMV  W*»  aU!(Ui51  bAUli  «“SSW^!  iWlUS  -  -  “  i'.'V5i.  i  ii-  soarcil  SWGGp  HOW 

returns  to  swooping.  A  goto  la  generated  over  the  target  whenever  the  aura  of  the 

search  swop  putput  and  the  held  acquisition  sweep  output  c  meo  the  comparator  to  go 

Into  conduction.  This  will  ooour  when  the  search  sweep  output  le  at  target  rungs. 

*PV4  a  1*4  1 1  a*m+4  tM«a  nb.4  4  1  a  4-4_4««>  .  .U I  .U  4**  Am4  at t *  * 

aim*  o*aa  wvwvauuv  vuiwao.  «a  w.i.iiu  uaxwui  v  im^uu  xo  i  J  ui  1U  JJAXIIMiry  QUU60LQX* 

returns  the  olroult  to  lto  Initial  conditions. 


Fbr  tha  AFQ-72 ,  the  number  of  pulses  in  a  pulse  pao’cet  is  (for  no  lobing 

Of  the  aL.jnna)i 


1(1  m  gSjj 

W 


B  “  Beamwidth  (half -power) 
iv  "  FRF 

V  ■  Aslmuth  antenna  rate 


Ml  *  lafcZJl  351i  dw  20  pulses 


I 

i 


Lobing  will  reduos  the  effective  number  of  pulses  in  ths  pulse  paokot  to  approximately 
7. 

Since  the  false  alarm  rats  for  the  primary  dotsotor  Is  10  psr  eeoond,  the 
cumber  of  ohanoot  of  getting  a  falsa  alarm  for  the  first  threshold  is 

n  **  Tfa^  f  Tfn  ■  false  alarm  time  *0.1  aeo 

fr  *  f Rf  ■  350  pulses  /  aeo 
p  *  number  of  gates  in  a  swoop. 

»  ■*  3.83  *  10*  p  ■  700  lor  a 

100  mile  sweep. 

t 

The  probability  of  exceeding  the  firet  threshold  oan  be  dotsrmined  from  reference  1. 

Since  the  primary  doteotor  is  a  peak  detector,  the  portinant  parameters  in  doterminlng  1 
the  probability  of  exoooding  tho  fint  threshold  arei  I 

I 

n  ■  3.83  x  10*  ! 


for  a  given  S/N. 


H  -  1 

V-7 

Let  fa  be  this  probability 


After  the  first  threshold  has  been  exooodeA  tho  r.oxt  four  pulses  are  integrat¬ 
ed.  Xf  the  resultant  integration  exceed*  the  second  threshold,  An  alarm  is  given.  For 
the  seoond  deteotor, 

n  ■  Tfa  f?p  , 

-  1800  x  350  x  1  ■  .99  xlO6 

from  before noe  1,  the  probability  that  K  integrated  pulses  will  exoeod  the  eooond 
threshold  (*fbk)  !•  determined.  The  portinant  paramo tore  arei 

n  ■  .99  x  106 

r»  h  -  k 


-19- 


CONFIDENTIAL 


CONFIDENTIAL 


Pa  and  Pfcjc  having  boon  dntorrr.tnod  an  n  function  of  d/N,  the  Joint  pi-olwibll  lty  ni  an 
alarm  as  a  funotion  of  s/n  io  dotormlnod.  The  wayo  in  whloh  an  alarm  iti  givon  aro. 


1.  Tho  firnt  Dill  no  of  the  nnlnn  nnnknt.  con  exceed  the  first  threshold. 

«  That  probability  is  Pa.  Tho  next  four  integrated  pulses  can  exoood  tho  aocond  thror- 
hold.  Tho  probability  io  Pa  P^. 

2.  Tho  first  pul so  of  the  pulne  packet  oynnods  the  first  threshold,  but 

‘  the  next  four  integrated  pulsoo  fail  to  exceed  tho  oooond  threshold.  That  loaves  two 
pulses.  Tha  nixth  puloo  oan  oxoood  tho  first  threshold  and  the  oevonth  puloo  can  ox-- 
ooed  the  oooond  throohold.  This  probability  is  Pa  (l-P^^)Pb, 

,  3.  Tho  first  puloo  falls  to  exceed  tho  first  threshold,  bat  tho  next  pulao 

exaoedo  itandtho  ouooooding  four  integrated  pulses  oxosod  tho  oooond  threshold. 

This  probability  is  (l-Pa)  Pa  P^. 

4.  Tho  first  two  pulsoo  fail  to  exoood  tho  first  throohold  but  tho  next 

pulse  exooodo  it  airitho  succeeding  four  pulses  exoood  tho  Booond  threshold.  This 

probability  is  ( 1-Pa) 2  Pa  Pfc,4. 

Thus  tho  Joint  probability  of  an  alarm  for  a  given  S/N  is 

P  »  Pa  Pb4  +  Pa  PDl  (1-Pb4)  +  (1-Pa)  Pb4  +  (l-Pft)2  Pa 

*  «  Pa  Pbi  (1-Pb4)  +  Ba  Pb4[l  +  1  -  Pa  +  (l-Pa)2j 

It  has  boon  assumed  thus  far  that  the  input  pulses  are  constant  amplitude 

»  pulses*  To  tnko  into  aooount  oointillati6n  of'  the  target  ©oho,  it  will  bo  aooumod 
that  the  t argot  ©oboes  aro  cocponontially  distributed. 

The  joint  probability  of  an  alarm  as  a  funotion  of  B/N  assuming  target  ooho 
scintillation  la  shown  in  figure  14. 

It  has  further  boon  assumed  that  the  percentage  of  time  that  tho  eocond 
detector  has  boon  integrating  noise  is  negligible. 


Tho  cumulative  probability  of  detection  for  the  automatic  alarm  olrcuit  is 
shown  on  figure  15.  Two  oase  are  considered  1  range  separation  between  eoans  oqual 
to  C,4  n,m.  and  1,2  n.m.  Extrapolation  of  AN/APQ-64  flight  test  results  to  thoeo 
oondltiono  gives  tho  following  detection  ranges  for  oomparlson  purposes.  The  idealized 
range  is  '40  n.m,  Thooo  are  for  pilot  operator  detootlon  rather  than  automatic  alarm. 


* 


Kongo  Reparation  Betwoen  Soane 

Cumulative  Probability  of  Dotootion  Detootlon  Rani 

(Pilot  Opora 

0*4  n.m. 

65% 

25.1  n.m. 

0,4  n*m. 

60% 

27.4  n.m. 

1.2  n.m. 

65% 

21  n.m. 

1.2  n.m. 

50% 

24.3  n.m. 

(Those  detootlon  ranges  as  sumo 

that  the  target  lies  within  the  area 

scanned ) 
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Per  Soan  Probability  for  Automatic  Alarm 


.40  .50  .60  ,70  .80  .90 


Hfi,  U 
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It  cad  tuorefor-a  bo  Connl1;!  ' 1  :i  «  ■  .  .*  •  f .  -  f  i  «>«  nnv  1  r  .. 
i'"  .o«t ion  ranges  Attainable  with  nut"-.  •  >•  «i«rs  wii;  thAt  att.-ilimblu  l  >  pt lot 

operation. 


Ths  duttujT  ivjvoti on  Circuit  of  the  proftonoh  nut-oir/ltlo  aiaj-m  eyntrir  i/l  11 
r«Jeot  oluttor  whose  width  exoeodo  tvloo  tho  tranomittod  puloo.  Good  clutter  - 
Jootion  ifl  therefore  attainable  for  homogeneous  olutter,  However  ti  l  fin  ro to  clutter 
returns  will  bo  pasDud  by  the  system.  Of  partioular  oonoorn  Is  tho  altitude  lino  r\nd 
STAS  clutter.  Both  of  those  are  uieorote  olutter  returns,  flight  toato  of  the 
AN/AFQ-50  reveal  that  the  altitude  lino  le  approximately  1-2  tines  ao  wide  no  tho 
transmitted  pulse.  Thoee  tests  (Roferonoe  4)  wore  made  for  a  O.Sudoo  puloewidth, 
but  ainoe  the  llluralnatod  ground  (or  sea)  area  Is  proportional  to  pulnowidth,  thu 
same  altitude  line  width  dependence  on  transmitted  pulnowidth  holdo  for  tho  uldn 
pulse  (1.75  useo).  Tho  altitude  lino  is  characterized  by  a  sharply  dofinod  Lading 
edge  and  on  approximately  exponential  deoay  from  its  peak  amplitude.  Thu  trailing 
edge  will  have  more  or  less  hash  suporlmposod  on  it  depending  on  tho  typo  of  terrain 
or  the  sea  state.  The  altitude  lino  width  measurements  are  at  a  point  whon  its 
amplitude  1s  37%  of  Its  peak.  Table  II  lists  tho  altitude  line  moaouromontu  made 
with  the  AN/AFQ-50. 


Mia...  XI 
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(Flight  Test  Data) 


Antenna  Angle  (degree) 

Altitude  ■  20,000  ft. 

Peak  Power  (dbm)  Width  (Fraotion  of  Fulsowldth) 

0 

-72 

.68 

■•20 

-55 

1.76 

+44 

-70 

3.04 

-56 

I.64 

-40 

-55 

1.44 

0 

Altitude  ■  10,000  ft. 

-60.5 

2.26 

420 

-34.5 

1.12 

+44 

-65.5 

1.53 

-20 

-50 

1.12 

-40 

-55 

1.44 

0 

Altitude  >*  5,000  ft. 
-52.5 

1.83 

420 

-32.5 

1.68 

+44 

—56 

1.68 

-20 

-56 

1.29 

•40 

-57 

1.1 

As  stated  previously,  the  false  alarm  time  for  the  primary  detootor  is  0.1 
eeoonds.  The  threshold  level  for  the  primary  detootor  oen  be  determined  from  the 
approximate  relationship 
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x.  *  n  n  «  ,  , 

N  (  ■  N.ijL-'U  ^  y  :'  "  /*  ■ 

whoroi  N  =  Kuinbor  of  pul  non  Integrated 

J r:  ')  1 1  o  *i  CV  O  1 

Po  =  Probability  that  noioo  alone  will  not  exceed  the  bias  lovol 
n  =  Total  numbor  of  noioe  variants  in  a  false  alarm  tint-* 

This  equation  in  derived  in  reference  5.  For  the  primary  doteotor, 

N  *»  1 
R5“0.J 

n  °  3.35  x  10* 

Honoo  the  biao  lovol,  y*  a  8  db 
Tho  avoraga  noioo  power  =  tJ 7KTA6 
For  tho  AKJ-72, 

Ai*  l.inncps 

Honoo  the  average  noioo  povorit  -  104  dbra.  From  tho  flight  toot  data,  it  can  uo  ox- 
peotod  that  altitude  lino  signals  will  be  passed  by  the  pulaewidth  dlaorimlnator  and 
the  automatlo  alarm  oiruito.  Oonooivably,  the  problem  of  the  altitude  lino  causing 
alarms  can  bo  elimimtoc  by  gating  out  the  altitudo  line.  Tho  ontiro  oluttor  ploturo 
cen  be  considerably  oaned  by  flying  tho  fighter  at  a  lower  altitude  then  tho  targot. 
Whether  taotioo  should  be  altered  to  eaae  a  radar  problem  ie  beyond  the  eoopo  of  this 
memo. 


Since  much  oluttor  enaountered  in  a  doteotion  problem  will  be  of  a  diaorete 
nature,  the  usofulnoss  of  automatlo  alarm  is  of  dubious  quality  unless  come  moans  of 
eliminating  dioordto  olutter  oan  be  found. 


The  overall  roooivor  noiso  figure  ia  givon  by 


where  lac  a  Crystal  conversion  loss 
tx  a  '‘Crystal  noise  ratio 
S*nf  °  15*  noiso  figure 
la  a  Duplexar  loaaos 


Tho  overall  roooivor  noiso  figure  is  determined  primarily  by  the  crystal 
of  detector.  The  1N230  orystal  which  is  usod  in  tho  AN/AK1-50  hm  values  of  lac  and 
tx  of  6  db  and  2.0  (ratio)  roapootivoly,  For  ropreBentative  IF  nolBe  figures  and 
duploxor  Iooood  of  1.5  db  and  0.7  db  respectively,  tho  overall  roooivor  noioo  figure 
Is  10;3  db.  Improvement  in  rcooivor  noioo  figuro  oan  be  attained  by  using  tho  1N23P 
or  tho  1H23B  (not  available  in  quantity  at  present)  crystals.  Comparative  receiver 
noise  figures  attainable  with  thooo  crystals  are  tabulated  below 


-24- 


CONFIDENTEAL 


CONFIDENTIAL 


Noise 

Figure  iSa  tijsates 

by  Crystal 

Manufacturer 

Orys  tal 

Receiver  Noise  Figure 

"r"1 

V 

1N230 

6.0  db 

2.0 

10.5  db 

IFwp  *  1.5  db 

1N23D 

5.0  db 

1.7 

8.?  db 

L])  ■  0.7  db 

* 

1N23E 

U.3  db 

1.3 

7.8  db 

The  present  AN/aPQ-72  has  an  average  noise  figure  of  3,0,7  db.  Measure¬ 
ments  of  the  comparison  between  the  1N23C  and  1N23E  crystals  leads  to  an 
estimate  of  8,5-?. 0  db  (average)  attainable  with  a  redesigned  front  end,  CW 
injection  losses  would  add  an  approximate  1,6  db  loss  in  noise  figure.  In 
addition  tie  losses  due  to  the  isolator  would  come  to  approximately  0,5  db. 
The  average  noise  figure  for  the  improved  receiver  including  losses  due  to 
CW  injection  and  the  isolator  would  therefore  be  approximately  10.5-11  db; 


Bandwidth  Switching 


Present  plans  call  for  a  reduction  in  the  IP  bandwidth  from  the  present 
k  mops  to  1-1,2  meps  in  search.  Improvement  in  detection  range  arises  from 
the  resultant  docraaso  in  noise  power.  Not  all  of  thi3  improvement  is  realised 
in  detection  range  since  IF  bandwidth  reduction  was  accomplished  at  the  cost  of 


a  reduction  in  the  visibility  factor, 
would  theroforo  bo  by  a  factor  of 


The  not  improvement  in  deteotion  range 


f(  b  Sz\  f 

f(  Afi)'  l 


**iV 

c  f2  ) 


VII.  Optimised  Ola play 


MtL  estimates  that  the  detection  range  improvement  that  would  result  from 
optimizing  the  scope  presentation  would  to  on  the  order  of  0.5  db  in  range. 

fill.  Pair  Woathor  detection  Range 


The  search  parameters  of  the  AN/APQ-72  will  be:- 


Peak  Powar  (at  the  directional  ooupler)  ■  P  *  200,000  watts 

Dish  Oiamotor  *  l>  *■  2h  inchos 

Wavelength  ■  *  3»2  cm 

Pulse  Repetition  Frequency  -  PilF  »  550  pps 

Pulaovddth  •  7“ '  "  1.75  usee 

IF  Bandwidth  -  1,2  meps 

Receiver  Noise  Figure  ■  10.5  db 

Losses  “  0.7  db 

Field  Degradation  ■  10  db 

dean  Typot  3  bar  Palmar  dean  -  33«0°  x  11.8° 

Azimuth  Scanning  Rate  »  <*)  m  100  dogrees/seo. 


-*5- 


CONFIDiNTIAL 


CONFIDENTIAL 


^he  Idealised  range  la  33  n.A»  The  detection  range  contour  (85J{ 
cumulative  probability  of  detection)  against  a  B-h7  type  target  is  shorn  In 
Figure  16*  The  search  pattern  was  optimised  for  the  nose-on  oase* 
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AHfAPQ-TZ  DETECTION  RANGEL  (S5&  CUMULATIVE  probability) 
PAIR  WEATHER  NO  CLUTTER  ,  NO  EC*A- 


©UNIMPPOVBD 
&&EARCH  VOLUM1  REDUCTION 
ALONE  "B3. e*  h  1 1  .ft* 

(2)  6RVGHT  DISPLAY  ALONE 

v3)  PE  OUCPD  X  RT^ANOVtfOTW  ALONE 

©ALL  IMPROVEMENTS  INCLUDED 
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